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Abstract 
The decomposition of N-nitrosoacylarylamines in benzene in 
the presence and absence of certain arynophiles has been investigated. 
Anthracene, 9, 10- dimethoxyanthracene and tetraphenylcyclopenta-
dienone did not have any effect on the rate-determining step. A 
mechanism to explain the anomalous rates of decomposition and products 
from the reactions in furan and 2, 5-dimeth'ylfuran is suggested. The 
effect of water on the yield of aryne adducts was noted, leading to 
unprecedented high yields of 1,2, 3,4-tetraphenylnaphthalene (68%) 
from N- nitrosoac etanilide and tetraphenylcyclopenta.dienone. The 
efficacy of water in reducing benzyne formation is attributed to its 
interaction with the acetate ion. The insensitivity of the decomposition 
of N- nitro soacylarylamines to silver ions suggests the absence of free 
benzyne. The generality of a novel reaction producing benzynes from 
substituted anilines and pentyl nitrite in the presence of acetic anhydride 
was investigated. The kinetics of the reaction were studied and a 
mechanism for this reaction, and the related system of acetanilide with 
4- chlorobenzoyl nitrite is propos ed. 
The high temperature reaction of bromodurene and potassium 
t-butoxide was reinvestigated and it was proved that the bromotrimethyl-
benzyl anion cannot be discounted as an intermediate. Attempts to 
produce 2-bromo-3-methylbenzyl anion failed, but some of the products 
from the decomposition of sodium diethyl 2-bromo-3-methylphenyl-
malonate are rationalised. 
The reactions of bis(triméthylsilyl)mercury and aryl halides 
were studied and mechanisms are proposed to explain the products 
by a step-wise radical elimination of halogen, rather than a one-stage 
molecular elimination. 
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INTRODUCTION 
1. PREAMBLE 
The investigation of the mechanisms and of the reactive species 
involved in chemical reactions has always been a challenge and a source 
of controversy to chemists. However, this research is seldom an end 
in its elf since much of the work has other useful applications: e.g. 
knowledge of the photolytic decomposition of alkyl nitrites has enabled 
Barton 1 to synthesise aldosterone, the physiologically useful hormone, 
from corticosterone by a simple photolytic pathway. 
It is within the last thi.rty years, with the advent of sophisticated 
techniques such as chromatographic separation of isomers and mass 
spectrometric analysis, that a clear insight into the mechanism of many 
reactions has been obtained. It was the evidence .presented by Roberts 2 
in 1953 on the reaction of 14C-labelled chlorobenzene with potassium 
amide in liquid ammonia that directed the attention of chemists towards 
the reactive intermediate C 6 H 
 4 
 . The systematic name for C 
6 H 4 
 is 
dehydrobenzene but throughout this thesis the trivial name, benzyne, 
will be used. 
Today there are many other types of reactive intermediate 
recognised which have their reactive site located on one atom, e. g. 
carbene, CH 2, but there are fewer examples of bidentate reactive 
intermediates. 
A bidentate reactive intermediate is defined as a species which 
has two concurrent reactive sites on the molecule. In the photolytic 
conversion of p-di-iodobenzene (1) in benzene to-terpheny1 (3) the 
intermediacy of a bidentate species C 
6 H 4 
 , 1,4-benzyne (2), could be 
considered but has now been discounted and the accepted mechanism is 
a multistep reaction: 
MeR 
JN 
N 
(6) 
hv 
77°K - 	Jj• 	- ->
H3 
	
(7) (8) 
3. 
I 	 hv > 
(2) 
(3) 
However, photolysis.of 1, 2-di-iodobenzene (4) in benzene 
has yielded C 6 H4 , 1, 2-benzyne (5), as well as other radical species: 4 
• 	 solvent 	radical 
1)T' hv 	
P 	C 
I 	 I 	
benz y n e 
(4) 	 hv > 	J I 	> products 
(5) 
• 	In diradical chemistry there is the similar problem of proving 
that the reaction goes by the proposed diradical mechanism and not by 
a step-wise radical scheme, as occurs in the 1,4-di-iodoexarriple. 
One of the few reactions proceeding via a diradical involving an aromatic 
species is the photolytic cleavage of 3H-indazoles (6) to benzocyclo- 
5 
propenes (8). 
Examination of the reaction at 77 0K in a pentane glass in an e. s. r. 
spectrometer gave a signal which doss interpreted as proof of the 
existence of a triplet state diradical intermediate (7). 
At the present time the chem.is try of 1, 2-benzynes is very 
well documented but that of 1, 3-benzynes, 1,4-benzynes and diradical 
species is lagging far behind due to the difficulty in obtaining examples 
of these reactive species. In the following introduction a brief survey 
will be made of the chemistry of arynes and related species as well as 
the rationale behind the attempts to prepare some bidentate reactive 
species by novel routes. 
2. DEHYDROAROMATIC COMPOUNDS 
A. 1,2-BENZYNES 
(i) Preparation of 1, 2-benzynes: Much of the theoretical 
foundation of benzyne chemistry was laid when almost the only way to 
the species was from -halogenophenyl anion precursors. With 
bromofluorobenzene a commonly used metallating agent is n-butyl-
lithium which replaces the more electropositive bromine: 
) 
 F. 
Br n-BuLi 
ethers- 700. I 	II 
Li 
11'+ LiF 
BuBr 
	
1.2-be nzyne 
Metallation of aryl halides is by no means a straightforward 
reaction giving arynes, since the organometallic reagent or strong 
base may displace the halogen by direct nucleophilic substitution. 
Depending on the nature of the functional groups present, other side 
reactions may also occur. 
In the reaction of halobenzenes with strong bases, there are 
two competing reactions: (a) formation of benzyne and (b) direct 
nucleophilic substitution. 
I BH 
RIII 	R1IIIt3 
5. 
x 
R 
v - A> 	 JlJ 
R ) (a) 
OXR 
If the product of the reaction of a 4-substituted halobenzene with a 
strong base is the 4-isomer, then only nucleophilic displacement of 
the halogen has occurred: e. g. the reaction of lithium diphenyl- 
pho s phide with p-bromotoluene 7 gave only diphenyl (-tolyl)phosphine 
indicating that only substitution had occurred. If a mixture of the 3-
and 4-isomers is produced, then there must be some participation by 
a benzyne species. 
The disadvantages inherent in using strong bases to produce 
o-halogenophenyl anions can be overcome by using the metal-halogen 
exchange method, devised by Wittig, 
8 
 starting from 1, 2-dihalogeno-
benzenes and magnesium in tetrahydrofuran: 
	
F T H F 	 F I 	> 	I JJ LJI Br Mg Mg Br 	 +MçjBrF  
With an electron withdrawing group in the ring, the negative charge on 
the fluorophenyl anion is stabilised and the loss of fluoride ion is 
inhibited: e.g. the complex 2- fluoro- 5- cyanophenyl magnesium bromide 
is stable in refluxing tetrahydrofuran. 
When devising a method which will lead to the formation of 
dehydrobenzenes, it is always wise to consider as leaving groups 
elements or compounds which have a high heat of formation. 
Cons equently benzene diazonium- 2- carboxylate (9) decomposes smoothly 
at room temperature in an aprotic solvent to generate benzyne, which 
has been captured in yields approaching 80%,  along with nitrogen and 
carbon dioxide. 
I' 	J 2 	> 	I lit 	+ CO 	+ N 2 2 
(9). 
The high yield of benzyne probably arises because the necessary 
energy to form it comes from the heat of formation of both carbon 
dioxide and nitrogen. The most convenient method of synthesising 
the explosive diazonium carboxylate is by the in situ diazotisation of 
anthranilic acid by organic nitrites. 10 
Mercury, instead of the diazonium group in the diazonium 
carboxylate, can serve as the leaving group which generates the 
positive charge: 11 
o 
Hg 260 	
> 	Ill + CO2 + Hg 
1 }CO2 
A similar reaction with iodobenzene, instead of mercury as the leaving 
group, has been shown to give very high yields of benzyne. Diphenyl-
iodonium-2-carboxylate (10) in diglyme at 160 0 , gives benzyne, in a 
70% yield: 12 
CrOH5 1600 	fl J 	CO2 + Phi 
CO2 
(10) 
When stable molecules are released in the cleavage of cyclic 
systems, their heat of formation may be sufficient to allow benzyne 
to form: e. g. phthalicanh'ydride, when pyrolysed at 700
0
, cleaves 
to yield carbon dioxide, carbon monoxide and benzyne. 13 
In the oxidation of aminobenzotriazole (11) with lead tetraacetate, 
it is possible to obtain benzyne, under mild conditions, in exceptionally 
7. 
high yi elds of up to 95%, since large amounts of energy are released 
on the formation of two molecules of nitrogen: 14 
_ fl7N1_ 
N 	 11+2N2 
Pb(OAc)4  
N 
H2 	L 	
J. 
Oxidation of 1,2, 3-benzothiacliazolin-1, 1-dioxide (12) by lead 
tetraacetate yields 1, 2, 3-benzothiadiazol-1, 1-dioxide which decomposes 
smoothly at 200  to liberate sulphur dioxide, nitrogen and benzyne: 15 
H C: N, 	 CEN 
N -1 	JJJ 
LK] 00 	 00 +N2 + 
Photolytic methods can be used to produce benzynes but it is 
sometimes difficult to detect their presence due to the many competing 
free radical reactions: e.g. the photolysis of 1, 2-di-iodobenzene in 
	
benzene. 	Other photolytic methods related to 1 1 2-di-iodobenzene 
have been reported but they are predominantly free radical in nature 
with a minor participation of benzyne: e. g. 2-iodophenyl-mercuric 
iodide (13) and bis-2-iodophenyl mercury (14) both give some benzyne 
on photolysis: 16 
Hg 
• 	 J 
(14) 
.. o I 
The production of arynes from the thermal reactions of-
nitrosoacylarylamines will be discussed later. 
New methods for the production of benzynes are always being 
investigated. Among the latest is the reaction of o-phenylene dicar-
bonate (15) with neutral trivalent phosphorus compounds 17 to give 
benzynes which have been trapped with the normal arynophiles e. g., 
0\1 ____ 	-OPBu 
LjJ/CO Bu 3 p - > LLLco; 
(15) 
Adducts 	
Arynophites 	 + Bu 3 P0 
ii +c02 
(ii) Stability and structure of 1, 2-benzynes: Even after all 
the work on the preparation of benzynes had been done, there were 
still many chemists who believed that the observed reactions could 
be explained by postulating not an intermediate, but a transition state 
stabilised by solution. However, with unimolecular decompositions 
in the gaseous phase, such as the thermal cracking of bis-2--iodophenyl 
mercuryl6 or benzocyclobutenedione, 
18 
 the existence of a stable 
species cannot be questioned. Once benzyne has been generated by 
one of the above methods, its lifetime ought to be indefinite since no 
unimolecular decay of benzyne is known. The only way in which it 
can react is by dimensation to yield biphenylene (16) and perhaps by 
16 
trimerisation to triphenylene (17) 
B enzyne has also been trapped out with anthracene in the 
gaseous phase, 
19 
 although the yields obtained were low since the main 
product was still biphenylene. Additional evidence for the presence 
of benzyne in the gaseous phase has been obtained by the mass-
spectroscopic examination of the products after the flash photolysis 
of benzene diazonium-2-carboxylate. 	Within 50 i.secs. the peak
20 
OMe 
A ring. 
	
OMe 	
adduct 
Me 
OMe 
OMe 
OMe 
Table 1 
Benzyne precursor 	A ring/Bring 
CLCH2CH2CI 
IN2CI 700 	
> 	24 
5~~' 
1 0F 	THE 700 21 
THF 
100 	> 22 
Hg 	
6000 j 	(16) 	600/o 
(17) 
at m/e = 76 (C 6 H4 ) was present but after 200 secs., the peak at 
m/e = 152 (C 12H 8 ) was predominant, suggesting that benzyne formed 
initially and then underwent a bimolecular reaction to biphenylene. 
In solution, benzyne is considered to have a definite lifetime 
since it reacts entirely stereospecifically with norbornadiene to give 
only the exo-product (18). 21 
Qi> 
 
'Jo) 
If benzyne is not considered as an intermediate but as a 
transition stage in a solvent cage, it would be expected to react 
differently depending upon its mode of production. However, when 
benzynes from different sources are allowed to react with a 1, 4-
disubstituted anthracene, it is found that they all give the same ratios 
of adducts (table 1) and so prove that a common intermediate is 
involved. 
22 
10. 
Many of the initial sceptics of the benzyne idea suggested 
that the mechanism involved in the production of isomeric anilines 
from 2 substituted aryl halides and potassium amide in liquid ammonia 
was one of cine_subStitutionht: 23 
R 
NH; 
çNH2 H 2 NH 
R 
R 
> 
	 -NH3 
-.... 	NH 
	
R 
J-NH2 
Scheme 1 
However, the observation that the amination of bromobenzene 
with KNH 2/liq. NH 3  displayed an apparent hydrogen/deuterium isotope 
effect of 5. 5- 
24 
 disqualified the above mechanism (scheme 1) since it 
contained no step involving the complete cleavage of a carbon-hydrogen 
bond. 
The work of Roberts et al. 
1 
 on the amination of chlorobenzene- 
1- 14C to give equal amounts of aniline- 1- 14 C (24) and aniline- 2-
14 
(25) confirmed that the reaction must go via a symmetrical 
intermediate such as (19) 	(23). Of the likely structures (19), (20) 
or (21), (20) and (21) were eliminated by double labelling techniques 
since structures (26) and (27) would not exhibit a hydrogen/deuteriurn 
1.1. 
çC1 
jJ 
J, Liq. NH3/KNH2 
UNH 	 NH2 1 NH2 
(20) 
()C[ K 
2) 
rTNH 2 
(24) 	 (25) 
Scheme 2 
isotope effect in the reaction of 2-deuterio-chlorobenzene-1i 4C 
with KNH 2/liq. NH 3 : (scheme 3). 	This leaves (19) as that which 
is compatible with the information available to date. 25 
The symmetrical system (19) can have a variety of 
electronic structures, (28) 	(31). (28) was discounted because 
it abandons the aromatic '17 system of the benzene ring. (29) has 
also been ruled out because benzyne does not react as a carbanion 
with a carbonyl group. 
26 
 The possibility that the triplet (30) may 
exist has been disproved by the photolysis of 1, 2, 3-benzothiodiazole-
1, 1-dioxide at low temperatures in a glass, since the e. s. r. signal 
obtained was not consistent with a triplet state. 27 
However, there is evidence which suggests that benzyne is a 
singlet state (31). It has been found that when an aryl halide is 
0' 
(19) (21) 
h 
i 	Ji ;*cci 
(23) 
H 	
NH2 (>n L,1NH2 
(26) 
	
(27) D 
3H2 	
H2 
iT 
(19) 
12. 
• 	 CL 
• .• 	 LJ[D 
j
Iiq.NH3/K NH2 
Scheme 3 
0 ru1+ 
/ 
(28) 	(29) 	(30) (31) 
treated with a strong base, the elimination of hydrogen halide is only 
fast if there is a hydrogen adjacent to the halogen. The driving force 
of formation of the intermediate may be the actual formation of the 
C 6H4 molecule with the energy of the new bond contributing to the 
lowering of the energy of activation. Before a new bond can be formed 
between the two electrons in a singlet state, it is essential that there 
should be considerable overlap of the sp 
2
orbitals in which the electrons 
28 	 2 reside. It has been shown that, although these sp orbitals appear 
13. 
to be at 600 to each other, (31) 
600 
the overlap integral is considerable (S,,r= 0. 125) compared to the 
overlap integral (S,- 	0.246) for the normal Tr bond in benzene. 
It is because the two orbitals overlap so strongly that we anticipate 
a new bond to be formed and the molecule to have a singlet structure. 
Before we could consider a triplet state, the overlap of the sp 2 
orbitals would have to be very small and it is difficult to imagine a 
distorted form of C 6 H4  which would be of sufficiently low energy 
so as not to disturb the resonance stabilisation of the system but 
which would significantly decrease this overlap. 
Since the parent molecule of naphthalene has a shorter 1, 2 
bond (1. 36R) than benz ene (1. 39R), 1, 2-naphthalyne would be 
expected to have more overlap of orbit als than benzyne and, as such, 
greater stabilisation of the intermediate. This increased stabilisation 
of naphthalyne results in a greater selectivity than benzyne in the 
competitive nucleophilic addition of phenyl-lithium versus lithium-. 
piperidide: 29 
Substrate 	 KCHU/K. 
Benzyne 	 4.4 
1,2-naphthalyne 	 5.8 
By considering a singlet state, Coulson 3°  has calculated the 
14. 
following geometry for benzyne compared to benzene and acetylene: 
I 	J1139A 
137-144 
142I 	I 12O H C C H 
This reduction in bond length almost to a triple bond suggests that 
there will be a considerable stabilisation of the molecule due to the 
dehydrobond formation. 
(iii) Reactions of 1, 2-benzynes: Of the many types of reaction 
that benzynes will undergo, the most obvious one is the electrophilic 
attack on the strong base which is used to make the benzyne. 31 
BuLi 	 BuLi 	 LI 
Br  10(CH2)3CH3 
Other nucleophiles which attack benzyne include alkoxides, 32 
phenoxides 33 and carboxylic acids: 34 e.g. the addition of acetic acid 
to tetrachlorobenzyne to give tetrachlorophenyl acetate (32) in a 40% 
yield. 
CI 	 CI 
CLhj + CH3C0 - C(OCOCH3 
OHC[J> 
CI 	 CL 
(32) 
Production of a benzyne in a molecule with a carbanion present in a 
side chain may result in ring closure: e. g. in the ring closure of 2- 
chiorophenyl-butyronitrile by KNH 2 /liq. NH3 to give 1-cyanoindane 
(33): 35 
Benzyne, which.is normally considered as an electron-deficient 
species, has little tendency to react with electrophiles. One of the 
few reactions in which it does is with triethyl boron 6 to give, after 
15. 
(CH2) CN 	 (CH2)HCN 
(CE 
•hq.NH3 I I I 
	
CO 
CN 
hydrolysis, phenylboronic acid, C 
6 H 5 
 B(OH) 2 (34) : 
	
CH3 	
>C6H5C2)2 B(c2H5)3 	
B-CH21 
I 	(C2H5)21 	I 
L 1H20 
V 
C6H 5 B(OH)2 
(34) 
The most commonly encountered.reactions of benzyne and 
those of most use in synthetic chemistry are those involving non-polar 
partners, especially those with a .diene system present. These Diels-
Alder reactions lead to bridged ring systems: e.g. the cycloaddition 
of benzyne with furan 36 to produce 1, 4-dihydronaphthalene- 1,4-
endoxide (35): 
1IIjI{Br 
Li/Hg> 	 0 
	
@01 
(35) 
These reactions are of immense value in the detection of any 
benzyne produced in a reaction and if the adduct is absent, it usually 
indicates that a benzyne species is not participating: e. g. the trapping 
16. 
of 2, 3-dehydrotoluene with anthracene 37  to give 1-methyltriptycene 
(36): 
CH3 
anthracene 
Of all the known benzyne traps, 2, 3,4, 5-tetraphenylcyclopentaclienone 
(tetracyclone) (37) is probably the most efficient, being able to trap 
benzyne in 98. 5% yield, from the oxidation of 1-amino- 5-methyl- 
benzotriazole: 14 
Me 	Ph 
/Ph 
11+0 
Ph 
(37) 
[ MeVPh 
3 pPh Ph 
Ph 
(38) 
Me 
IN 
N 
NH2 
Me Ph 
Ph 
LL 1 Ph 
Ph 
(39) 
> 
< -Co 
The first addition product (38) decomposes spontaneously under the 
reaction conditions, by losing carbon monoxide, to give 5-methyl-
1, 2, 3, 4-tetraphenylnaphtha]ene (39): 
17.. 
B. OTHER DEHYDROAROMATIC SPECIES: 
In an extension of the chemistry of 1, 2-benzy -nes, potassium 
amide/liq. ammonia reacts with 3-bromopyridine 38  to produce the 
3-and 4- arnino-pyridines via a postulated 3,4-dehydropyridine (40): 
(JBrKNHZ 	 NH> 	 (NH2 
(40) 
Most of the general methods discussed for the preparation of 
benzynes can be used to produce the dehydroheteroaromatjc compounds 
which can then undergo analogous reactions: e. g. the thermal 
decomposition of pyridine-3-diazonium_4carboxy1ate led to 3,4-
dehydropyridine (40) which was trapped by a Diels-Alder addition to 
furan to give the adduct (41) in a 63% yield. 
r CO2 60° 	
2 - Nj, 	 N 
	
N N2 C I > 
(40) 	 (41) 
An effort has been made recently to extend aryne chemistry 
to aromatic non-benzenoid species. The pyrolysis of the complex 
(42)
0 
 produced the dehydrocyclopentadienyl anion (43) which was 
trapped with tetracyclone to give tetraphenylindene. 
However, of greater interest to both the organic and theoretical 
chemist are the species 1, 3-benzyne (44) and 1, 4-benzyne (45). 
At first sight there appears to be little possibility of any interaction, 
as occurs in 1, 2-benzyne, between the unpaired electrons in either 
41 the 1, 3-benzyne or 1,4-benzyne. Structures have been proposed 
o 
aNN 
coo- o 
	
(42) 	~~O_'~) 
Ph 
o=( 	I 
 Ph 
Ol
\Ph  
- 	 Ph 
(43) 
(44) 
	
(45) 
that consider transannular interactions to give the following con-
figurations. 
L). 
(4•4) 
U< >11_Hfl< ~1>~I 
(45) 
Ph 
Ph 
\JIPh 
Ph 
Although these structures have very strained carbon skeletons, evidence 
for their existence has been obtained by the gas phase flash- photolysis 
19. 
of 3- and 4-benzenediazonium carboxylate. 1 With the latter, the 
signal from the mass-spectrometer with m/e = 76 has been.observed 
to exist for two minutes showing the stability of 1, 4-benzyne. No 
peak is observed at m/e = 152 (as occurs in the benzendiazonium-2-
carboxylate) suggesting that no dirnerisation to the even more unlikely 
dimer (46) has occurred. 
(46) 
Although the photolysis of 1, 2-di-iodobenzene yields benzyne, 42 the 
photolysis of 1, 4-di-iodobenzene (1) has been shown by careful 
examination of the ionisation potentials involved, to liberate iodine 
and the open chain molecule, C 
6 H 4 
 (47), rather than the 1, 4-benzyne. 42 
I 	 I 
hv 	 hv 	
HCCCH :CH•CCH 
(47) 
1 (1) 
It is possible that the energy of flash photolysis may be 
sufficient to produce the strained 1, 3- and 1,4-benzyne in the gas 
phase but it seems improbable that such energy would be available 
from the simple heating of benzenediazonium carboxylates below 1000. 
However, recent work by Rossi et al. 43,44on the product analysis 
of the thermal decomposition of benzenediazonium- 3-carboxylate and 
benzenediazonium-4-carboxylate in the solid phase suggests that the 
1,3- and 1,4-benzy-nes do exist. In the decomposition of 3-nitro-
benzenediazonium-4- carboxylate (48), 3 nitrochlorobenz ene (50) 6% 
was detected in the products. The mechanism proposed by Rossi 43 
included an ionic dehydrobenzene intermediate (49): 
20. 
CO2 	 Co 
-N2 > 
N2 	 4. 
Z- C 0  2 HCI CO2H V 
Ui 
+ 	 Cl . 
(49) 
CO2H 
HCI 
04+ 
NNCL 
(48) 
R=NO2 
I 	Ii< 
HC( 
CE 
(50) 
Scheme 4 
In order to find out if the dehydrobenzene (49) could exist 
as the diradical (49a), the presence of compounds such as 2-chioro-
nitrobenzene (51), 2, 5- dichloronitrobenzene (52), and nitrobenzene 
(53), was investigated. These compounds could, in theory, be formed 
according to scheme 5 but they were not detected. 
CL 
(51) 
+ 	
IZHCI (49) 
k) 
CL 
(50) 
NO2 
2C7 
 
(49a) 
- 
 
Scheme 5 
21. 
The absence of these products, (51), (52) and (53), excluded 
the diradical, thus the intermediate was the dipolar form (49). A 
similar mechanism was proposed for benzenediazonium- 3-carboxylate. 44 
However, the evidence available to date for the existence of 1, 3- and 
1,4-benzynes is not so convincing as that for 1, 2-benzynes. 
3. ARYNES FROM N-NITROSOACYLARYLAM[NES. 
Since N-nitrosoacetanilide was discovered by Fischer 45 in 1876, 
the mechanism of decomposition of this unstable yellow solid has 
provided chemists with a continual source of problems involving, as 
intermediates, free radicals, aryl carboniurn ions and arynes. 
An attempt to rationalise Bamberger's 45 discovery that N-
nitrosoacetanilide (54) decomposed smoothly in benzene at room 
temperature to yield nitrogen, biphenyl and acetic acid 
N(NO)COCH3 250 > // 	// \\ 	N 
C 6H 6 	______ + C H 3CO2 H 
was made by Grieve and Hey, 	who suggested the intermediacy of 
phenyl radicals in the following mechanism: 
C 6 H5 N(NO)COCH 3 -p C 6H5N=NOCOCH 3— C 6H-FN 2 +CH 3CO 2 
(54) 	 (55) 	 (56) 
iC6H _ 
C 6 H 5 + C 
6 H 6 	
5CH3CO 	
Fh2+ CH3CO2H 
7) 
49 
Work by Huisgen and Horeld48 and Hey et al proved that the rate 
determining step in the decomposition was the rearrangement to the 
phenyldiazoacetate (55) via a "four rnembered cyclic transition state:" 
22. 
NO 
C 6HçN—COCH 3 	—>C 6 H5 N=NOCOCH3 
(54) 	 (55) 
It was known, however, that the acetoxy radical (56) decomposed 
rapidly to give carbon dioxide and a methyl radical. This indicated 
that the mechanism of Grieve and Hey was unacceptable and so the 
search began for another species to oxidise the phenylcyclohexadienyl 
radical (57) to biphenyl. 
Suschitzky and his colleagues 50 then showed that arened.iazonium 
acetate ion pairs were present in benzene solutions of substituted N-
nitrosoacetanilides. 
C 6H 5 N(NO)COCH 3— C 6 H5 	 3 N=NOCOCH= C 6 5 	3 HN CHCO2 
Richard and Freudenberg employed this equilibrium in their proposed 
mechanism (scheme 6), the key step of which involved the stable 
(v-type) phenyldiazotate radical C 6H5 N=N0 (58) which oxidises the 
phenylcyclohexadienyl radical to biphenyl. With this mechanism, the 
need for the acetoxy radical (56) was eliminated.. 	(Scheme 6) 
PhN(NO)Ac ...-.....> Ph - N = N - OAc 	PhN2+ OAc 
Initiation: PhN(NO)Ac + OAc —?Ph - N = NO + Ac 20 
Chain process: 	
+ 	 - 
PhN2 Ph.N:N.O< 	AcOH 
PhN2AcO 
V 
Ph.N:N . O.N:N.Ph 	 PN:NfOH 
.. 1 . Ph + N2 + ON:NPh -' 
PhH 
* Scheme 6 
Ph2 
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A long lived e. s. r. signal from the reaction suggested that 
this signal arose from the stable radical (58). However, further 
e. s. r. studies by Hey, Perkins and colleagues 52 indicated that the 
radical responsible for the original signal was not the phenyldiazotate 
radical (58) but the (N-phenylacetimido)phenyl nitroxide radical, 
(PAPN) (59). 
C H-N0 
6 5 
I 	(59) 
C 6 H5-NCOCH3 
Perkins postulated that this radical (59) was the oxidising agent for 
the phenylcyclohexadienyl radical. Evidence to substantiate the 
presence of the PAPN radical (59) was obtained 53 when the radical 
was synthesised and an e. s. r. signal observed identical to that from 
the decomposition of N- nitro s oac etanilide in benzene. This evidence 
led Chalfont and Perkins 54 in 1967 to propose a new chain mechanism 
for the decomposition of N- nitro s oac etanilide in benzene, based on the 
PAPN radical as chain carrier, (scheme 7) 
The RLkhard rationalisation (scheme 6) and the Perkins' 
mechanism (scheme 7) are very similar in nature, being chain processes 
with the oxidation of the phenylcyclohexadienyl radical to biphenyl. 
Rigorous examination of the e. s. r. signals from the decom-
position of N- nitro soac etanilide in various solvents led Cadogan, Paton 
and Thomson 	to suggest that, although the radical of Perkins (PAPN, 
59) was present in many solvents, the radical of RUchard, 
(C 6H5  N=N-d ), in a different symmetry state, was present in all the 
solvents which allowed e. s. r. signals to be observed. 
Ph2 
24. 
Initiation: 
PhN:NOAc 	> 
- 
Ph 	PhN(NO)Ac 
- 
Chain process: 
Ph + N2 + AcO 
PhNO 
PhNAc (59) 
H Ph 
Ph + C6H6 
PhNO 
	
N 2 <I-> 	I 
PhNAc 
+ PhNO ____ 
PhN2+ Ph1Ac 
	I 
AcOH 
Scheme 7 
It has been suggested by Cadogan, 
56 
 that in dilute solutions, 
the following simpler scheme 8 may be the one which operates: 
(Scheme 8). 
It is obvious that, although a great deal of research has gone 
into the mode of production of biphenyl and acetic acid, the problem is 
not yet solved since many of the minor products have not been explained. 
To add to the complications, it was noticed by Cadogan et al. 	that 
o- tert- butyl-N- nitrosoac etanilide decomposed abnormally in benzene 
giving instead of the expected 2-tert-butylbiphenyl,'what appeared to 
be an ester or mixture of esters believed to be the isomeric tert-butyl- 
B ut 
N(NO)Ac 
V 
But -, 	\ 	I,t 
('NThOAc 
LJLJ 	 - 
0  ACO 
But 
(Ph 
-4-  AcOH - N 
But 
Ac>
Cj 
OAc 
B ut 	 But 	 But 
H 	1AcO 	Ii + OAc 
But Ph 	ButV 	 - 
Ph 
Ph - tO 
(61) 	 (60) 
Scheme 9 
But 
25. 
Scheme 7 	> Ph 
PhH 
Ph' 
A. 
+ C6H6  
Ph + N2 < 
	 jPhN 
P ' H 
0 Ac0 > Ph2 AcOH 
Scheme 8 
phenyl acetates. U  Later investigations 58 showed that only the .2-
and rn-tert-butylphenyl acetates were present, suggesting that 3- 
tert-butylbenzyne was the intermediate. This was later confirmed 59 
by repeating the reaction in the presence of the arynophiles, furan 
and tetracyclone and obtaining the expected aryne adducts (60), (61). 
Competitive experiments 59 with 3- tert- butylbenzyne and o- tert-butyl- 
N-.nitrosoacetanilide respectively, reacting with a mixture of anthracene 
and 9, 10-dimethoxyanthracene, gave almost the same rate ratios, 
(K'M 	13. 5, 13. 3), showing that a true 3-tert-butylbenzyne was 
involved in the decomposition of o- tert- butyl-N- nitrosoac etanilide. 
These arynophiles were found to suppress the formation of 
the rn-tert-butylphenyl acetate, leaving the 0-acetate at the level when 
no arynophile is present. This immediately suggested 59 that the o-
acetate was not being formed by the acetic acid or acetate ion addition 
to 3-tert-butylbenzyne. It was also proved 59 that the addition of 
nucleophiles (e.g. amide ion) occurred in >99% at the 1-position of 
3-tert-butylbenzyne due to the large steric effect of the tert-butyl 
.59 
group. Cadogan et al. 	thought that any 3-tert-butylphenyl acetate 
formed was by the addition of acetic acid or acetate ion to 3-tert-butyl- 
59 benzyne. Scheme 9 was proposed to account for the products. 
But 	 But 
1TN(NO)Ac > 1i1 t 
 
AcO > 
But 	 But 
(62) \ 
,Accc\ 
But 
/ But 
ut 
But 
(64) 
But 
OAc 
/ But 
/ (63) 
/ACOH 
N 
But Ph 
(Phff 
But Ph 
(65) 
Scheme 10 
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The decomposition of 2, 5- cli- tert- butyl-N- nitrosoacetanilide 
(62) also agreed with these ideas since high yields of the acetate (63) 
were obtained in benzene and aryne adducts (64) and (65) were formed 
with arynophiles (scheme 10). 
These schemes (9 and 10) were considered attractive 59 since 
they were just extensions of scheme 8 with the added step (a) - the 
loss of nitrogen from the aryl diazonium cation which might be 
expected to occur due to the steric effect of the large o-tert-butyl 
group. 
Although this mechanism fitted the facts for the o-tert-butyl 
case, another mechanism had to be postulated when it was shown 60 
that other acylarylnitrosamines, without bulkyo groups, gave aryne 
adducts with the arynophiles 1, 3-diphenylisobenzofuran and anthracene. 
It was found that the decomposition in furan did not yield any adduct, 
giving only the radical substitution product, 2-phenylfuran, (Table 2). 
(Recent results suggest that some adduct may be formed 6' ). The 
formation of products from the decomposition of N-nitrosoacetanilide 
in benzene, in the presence of various traps, is shown in table 2. 63 
Table 2 
Trap 	 Biphenyl % 	Adduct % Phenylfuran % 
None 	 50 
Anthracene 	 10 	 3 
Tetracyclone 	 3 	 34 
Furan 	 0 	 76 
Furan/Tetracyclone 	 1'4T.P.N. 	22 
T.P.N. = 1,2, 3, 4- tetraphenylnaphthalene. 
The drastic reduction in the yield of biphenyl from 50% in the 
absence of arynophiles, to 3% in their presence, suggests that the 
arynophile is diverting some of the acylarylnitrosamine from a free 
radical path to an aryne or arynoid route. This situation differs from 
27. 
the o-tert-butyl-N-nitrosoacetanilide, where it is the presence of the 
bulky ring substituent which appears to be inducing aryne formation. 
The oxidation of the aryldiazonium cation to a dipolar 
"arynoid" species (67) is also believed to occur, since the decom-
position of N-nitroso-2- chlorobenzanilides (ArN(NO)C 0 C 6 H4C1-p)(66) 
in any carbon tetrachioride gives p-chlorobenzoic acid (68) as a 
primary product. 61 
N(NO)COC6H4CL  
> 
Cd 4 
(66) 
1. 
CEC6H4CO2  
p-CLC6H4CO2H L+5°I 
 
(p-CLC6H4CO)2 0 15010  
 
• 	IItNf p-CL C6 H4CO2 H 
/ (67)\ 
	 (68) 
products 	diene adducts 
The production of p-chlorobenzoic anhydride (69) in a 15% 
yield also gives some substance to the initiation step of R'iichard's 
mechanism (scheme 6), where an anhydride is formed in the initiation 
step. 
A monodentate intermediate in the decomposition of-tert-buty1-
N-nitrosoacetanilide was discounted by Cadogan et ai62 who decomposed 
the anilide in benzene in the presence of tetracyclone and then examined 
the aryne adducts by n. m. r. 
ON(NO)Ac 	
JN:NOAC 
>x I X-O 2 
Scheme 6 
normal 	 AO 	
OAc radical 
A - products 
FIC 
QB u t 
B ut 
	
But 
-'- QAc 
OAE L) 
(75) 
IV 
But 
(77) 
Scheme 12 
LI t-' C 
x 
OM/AD 	
OAc 
AcOH 
(76) 
exept 
in Ifuran 
xOL >aryne  
add ucts 
Ph 
Ph 
Ar + 
° Ph 
Ph 
Ph 
Ph 
>0 
Ph 
Ph Ar N 	 Ih 
Ph 
Ar 
(70) 
Ar = pButC6H B u 	 Ph 
Ph 
(71) 
* 
If Ar had been a monodentate radical or carbonium ion, products 
(70) and (71) would have been formed. However, only (71) was 
formed, so any type of monodentate intermediate could be ruled out. 
Competition experiments, 
62 
 wherein authentic sources of benzyne 
were allowed to react with pairs of arynophiles, yielded identical 
results to those with N-nitrosoacetanilide and the arynophiles, con-
firming that a true benzyne species was involved. 
One discrepancy, which any proposed mechanism must account 
for, between authentic benzyne and N-nitrosoacetanilide, is that 
authentic benzyne (pentyl nitrite and anthranilic acid 10 ) reacts with 
dimethyl acetylenedicarboxylate (D. M. A. D.) to give a low yield (3%) 
of dibenzocyclooctatetraene (72), whereas N- nitrosoacetanilide gives 
15% of tetramethyl naphthalene- 1, 2, 3, 4-tetracarboxylate, (73). 63 
Cook6 suggests an arynoid intermediate, scheme 11 (74), to account 
for the difference in products. 
All the previous data point to the following comprehensive 
pathway for the decomposition of N-nitrosoacylarylamines, involving 
both free radicals and aryne species: scheme 12. This scheme allows 
for the normal radical products (via scheme 6), the fast elimination of 
nitrogen to give the aryl carbonium ion (75) when X = 2_Bu+ and the 
intermediacy of the dipolar diazo species (76). Whether the arynophiles 
react with either (76) or (77) or both is difficult to say but the 
29, 
11+ 
(72) 
7 
	
R 
N NA 	> 	
R 
P 
R=CO2CH3 	
Scheme '11 
	(73) 
competition reactions suggest that it may be the true aryne (77). 
The interesting and anomalous effects of water in reducing 
the yield of aryne adducts and the reluctance of furan to form an 
adduct will be discussed later in the light of new results obtained in 
this investigation. 
Investigations 64,65  within the last two years have clarified 
several important aspects of the decomposition of N.-nitrosoacylary].-
amines and have enabled newer and simpler routes to the production 
of arynes from anilines to be effected. 66 
4. REACTIONS OF ARYL HALIDES WITH STRONG BASES. 
It has already been shown that it is possible to obtain benzynes 
from aryl halides with potassium amide in liquid ammonia. 2 Other 
strong bases in a variety of solvents also react with aryl halides to 
give benzynes; e. g. the reaction of potassium t-butoxide with o-bromo-
toluene in dimethyl suiphoxide gives a mixture of 2- and 3-t-. 
butyltolyl ethers, suggesting participation of 3-t-butylbenzyne: 
30. 
Me Me 
1jTA r K 0 B ut 
D MS 0 1 000 
Me 
> 00BUt  
Q andrn 
However, with fluorotoluene it was found that only the 0-isomer was 
formed indicating that only nucleophilic displacement of the fluoride 
by the butoxide anion had taken place. 67 
Me 	 Me 
F K0Bt 	 OBut 
DM50,1000 
Investigations of the reactions of strong bases with aryl 
halides with the 2 and 6 positions blocked (78) was the logical step to 
see if any elimination of hydrogen halide occurred by 1, 3 or 1,4 loss: 
R 
Br 	LJi. 	+ H Br R  
R  i:IIIIiii- R 	+ 	H B r (78) 
It was discovered that before any reaction occurred between these 
blocked aryl halides (78) and base, temperatures in excess of 2200 
were required. 
68 
 Careful examination of the products 68 of the reac-
tion between bromo-rn-xylene and potassium t-butoxide (2200) revealed 
rn-xylene (79) (3 7 %) and 2-bromo-3-methyl-isopentylbenzene (80) 
(11%). The latter (80) was considered to be formed by the addition 
of butylene (from the decomposition of t-butanol) to a benzylic species 
(anion or radical): 
31. 
Br 	 Br 
MeMe 220°  Me1-CH2 
I 	I 	 >1 	I 
KOBut L) 
> 
Me('y C H2 
(CH3)2C=CH2 
V 
Br 
V Me 0 11 0/0 (CH2)2CH(CH3)2 
V. 	 (80) 
Scheme 13 
ii 
MeMe 
(79) 37/o 
Experiments with bromodurene and potassium t-butoxide 68 
were carried out in an attempt to clarify the mechanism and identify 
the intermediates involved in the reactions of strong base and blocked 
aryl halides at elevated temperatures. The products along with tars 
included: durene (81), potassium bromide, t-butanol, hexamethyl-
bibenzyl (82), bromohexamethylbibenzyl (83) and dibromohexamethyl-
bibenzyl (84), (scheme 14): 	 V 
The production of bibenzyls (82), (83) and (84) suggested that 
benzyl radicals, (85) and (86), (which would be stable enough to 
dimerise) were involved (scheme 15). 69 
Br 
+ 
(81) 
Br 
1-511 
)CI ButO > 
tBr 
fiC H 
Br. 
H .{ktH2 
I  
(86) 	 (85) 
LT44Br 
CH2 	 ?H2 	CH2 
CH2 CH2 C12 
Br 
(82) 	 (83). 	(84) 
Scheme 15 
32. 
Br 
IIIIii 
,2200 
J +- 	KBr 	+ 	BUtOH 800/0 
35 °Io 
I 	I 	I 	-H-- Br 	I 	-H- Br 
H2 CH2 CH2 
CH2 CH2 CH2 
I Br 
 (84) 	I 
100/0 
Schemel4 
Whether the postulated carbene (87) had a singlet or a triplet 
structure was not certain but, if a singlet was involved, aryl t- 
butyl ethers (88) or diphenylmethanes (89) would be expected to result 
from the interaction of its dipolar resonance form (87a) with other 
anions in the system. However, neither (88) nor (89) were detected 
so the singlet structure could be discounted. 
It was also considered unlikely that all the durene (35%) could 
arise from the transfer of hydrogen from bromodurene to the benzyl 
radical (scheme 15, step (i)). To explain this high yield of durene, 
scheme 16 was proposed in which the benzyl anion (90) could attack 
RH 	CH2 
> I 
CH2 
JL 
Br 	 Br 
ButO 	L JcH 
(90) 
Br 
X H2Br  
(91) 	(92) 
RH >0 
rç 
(90) 	CH 2 (90) 	CH2 
>1 	 I 
CH2 CH2 
Br 
Br
. 
CH2 (90) 	CH2 
> 	I 
CH2 	 CH2 
RH > CH2 
CH2 
çBr 
(83) 
(82) 
Scheme 16 
+ - 
CH2 H2 >  
(87a) Ar 
OBut 
 
CH2Ar 
 
ButO 
(87) 
33. 
bromodurene to give a substituted benzyl bromide (91) and an aryl 
anion (92), which subsequently reacted to give durene. The other 
products, bibenzyls etc., can also be explained by further steps in 
scheme 16. 
Scheme 16 appears attractive but we would also expect, among 
the products, the t-butylbenzyl ether (92) formed by the nucleophilic 
attack by the t-butoxide ion on the intermediate benzyl bromide (91). 
	
Br 	 Br 
CH2
Br KOBut 
	 CH2OB ut 
(91) 
	
(92) 
Hall68  reacted bromodurene and bromotrimethylbenzyl bromide with 
butoxide and isolated some ether (92). Without any added benzyl 
bromide, no ether could be detected. 
Br 
Br 
-  0 240 
> No ether KOBut 
Br 	 Br 
ffui CH2Br00 CH20BJt KOBut 
34. 
Since the ether was obtained in the reaction with benzyl bromide 
present, it was suggested that it must be stable under the reaction 
conditions. The absence of the ether in the reaction with no benzyl 
bromide present prompted Hall 68 to suggest that the mechanism did 
not include benzyl anions (scheme 16). However, work to be des-
cribed in this thesis casts some doubt on this last result and leaves 
the question of benzyl anion participation in the reaction of bromodurene 
and potassium-t-butoxide unanswered. 
In an effort to obtain more information on benzylic anions, 
work, described later, was carried out in an attempt to produce the 
benzyl anion, 2-bromo-3-methylbenzyl anion, and study its chemistry. 
5. FREE RADICALS. 
In many of the reactions involving bidentate reactive inter-
mediates, free radicals are also produced. These radicals can give 
many products and it is often difficult to decide which products are due 
to the radicals and which to the bidentate species. 
A. History of free radicals: Although the existence of free 
radicals has been known for far longer than that of arynes, their 
pattern of discovery and general acceptance by chemists was very 
similar to history of arynes. 
In 1849 Frankland7° reported the isolation of ethyl (C 2H5 ) 
which, however, was later proved by molecular weight determinations 
to be the dimer, butane. At the time, chemists were unwilling to 
accept his hypothesis as it was an apparent contradiction of Kekule's 
doctrine of the quadrivalency of carbon. Evidence against the esta-
blished ideas began to accumulate and in 1900 Gomberg 71 reported 
that his attempts to prepare hexaphenylethane, a colourless solid, from 
triphenylmethyl halides gave coloured solutions, which on treatment 
with a variety of reagents resulted in triphenyl methyl derivatives. 
From this work Gomberg suggested that the triphenylmethyl radical, 
Ph3C , was present. 
35. 
Paneth and Hofedifz 	demonstrated in 1929 the existence
72 
of reactive alkyl radicals (methyl and ethyl) in the gas phase when 
they heated tetra-alkyl lead in an inert atmosphere. It took another 
five years before the importance of free radicals in reactions in 
solution was appreciated. After studying the decomposition of sub- 
stituted N-nitrosoacetanilides in benzene, Grieve and Hey 46 suggested 
that electrically neutral phenyl radicals were produced which attacked 
the solvent to give, eventually, biphenyls. 
Succeeding years saw great progress made in free radical 
chemistry with the rationalisation of many hitherto puzzling reactions - 
e. g. the explanation by Kharasch 73 for the 'abnormal' addition of 
hydrogen bromide to allyl bromide: 
CH 3 GHBr CH 2Br "normal" 
dark 
HBr + CH CHCH Br 
2 	2 	
1ight 
peroxides 	 CH 2Br CH 2CH2Br "abnormal" 
Kharasch suggested that, with irradiation or in the presence of peroxides, 
bromine atoms were produced which initiated a chain sequence: 
HBr 	>H 	+ 	Br 	Initiation 
Br' + CH2 = CHCH2Br 	> Br CH 2CHCH 2Br 
Propogation 
Br CH 26HCH2Br + HBr 	 >BrCH 2CH 2CH 2Br + Bi 
The most recent method for studying reactions which may 
involve free radicals is by the use of e. s. r. techniques in which the 
reaction flows through the cavity of an e. s. r. spectrometer. When 
cyclohexanone oxime (93) is oxidised by lead tetra- acetate at 00  in 
methylene chloride, an e. s. r. signal corresponding to the short-lived 
74 
radical (94) is detected: 
Pb(QAc )4 	 1 
NOH 
I 	I 
L j 
(93) 	 (94) O  
>Q 
AcO NO 
Although free radicals are normally encountered as very 
reactive intermediates in reactions such as the decomposition of 
tetramethyl -lead 72 or N-nitrosoacetanilide, 
46 
 many free radicals 
have a long half-life. Indeed, some can be isolated as crystalline 
solids as a result of their resonance stabilisation and large steric 
hindrance preventing them dimerising: e. g. ttgalvinoxylI  (95). 75 
C*C 
 
0 <> 0 	 0• 
(95) 
B. Sources of free radicals: Molecules containing weak 
bonds with dissociation energies below 167 k. joules mole 
1 
 will 
decompose smoothly in solution below 1500; e. g. the widely studied 
reaction of dibenzoyl peroxide in benzene at 80
0 
 to give biphenyl and 
carbon dioxide: 76 
(Ph Co2)2 	800> Ph CO 	> Ph' + CO2 
The phenyl radicals then attack the solvent to give biphenyl. 
Many azo- compounds are useful for the production of radicals 
since the high heat of formation of nitrogen favours the decomposition 
of the molecule. When 2, 2 1 -azo-bis-isobutyronitrile (96) is heated 
37. 
at 145
0 
 in styrene, very rapid polymerisation of the styrene occurs: 77 
Me 	 Me 	 Me 
I I I 
Me—C —NN— C—Me -- Me —C 
I 	I 	 I 
CN CN CN 
(96) 	 (97) 
styrene 
+N 2 	 >Polystyrene 
The decomposition of (96) is facilitated since the radical produced (97) 
is stabilised by theconjugativeffect of the cyano group, as well as the 
high heat of formation of nitrogen. 
Diazonium salts, such as the chlorides, 78 are found to give 
biphenyl in boiling benzene through the intermediacy of a phenyl radical, 
formed from the therrnolysis of the diazo- compound with which the salt 
is in equilibrium. 
PhN Cl 	Ph - N = N - Cl 	>Ph' + N 2 + Ci' 
Benzene 
Ph 2 
With copper powder present, 
78 
 the biphenyl is only produced in trace 
amounts, the major product being chlorobenzene ( 60%). The reaction 
mechanism seems obscure but it is probably catalysed by the cuprous 
chloride which may be formed from chlorine atoms and copper: 
Cu + Cl' 	 >CuC1 
Ar I\t2 Cl + CuC1 	 > ArI 2 + CuC1 
Ar 	N + Cl - Cu - Cl- 	> Ar' + CuC1 +N 
22 
ArC1 + CuCl 
Phenyl radicals can be obtained from benzenediazonium 
fluoroborate in the presence of a metallic reducing agent such as 
copper: 79  e. g. the decomposition of p-bromobenzenediazonium 
fluoroborate in nitrobenzene yields isomeric biaryls (98): 
In the absence of a metallic reducing agent, 80 fluorobenzene is formed 
along with a small amount of biaryls, which do not have the same isomer 
-BrC6H4I2BF4 	Cu > 2-BrC 6H +N 2 + Cu+ + BF4 
-BrC 6H +PhNO2 	> -BrC 6H4 C 6H4 NQ 
(98) (o, ta?' 	) 
distribution as that obtained with -bromobenzoyl peroxide and nitro-
benzene. 81 Abrarnovitch suggests that the highly elect±ophilic 
radical-ion (99) is responsible for the products: 
Ph N2 
(99) 
jJPh< 
\hH 
"H 
Ph 
Many compounds, which have bond energies greater than 
167 k. joules mole, 
1 
 are thermally stable but are easily dissociated 
by ultra-violet irradiation to produce radicals. The Ph-I bond energy 
in iodobenzene is 220 k. joules mole
- l
but it gives a high yield of 
phenyl radicals upon irradiation. 82 Photolysis of diphenyl mercury 
and tetraphenyl lead has also been used to produce phenyl radicals in 
cum en e. 82 
C. • Reactions of free radicals: The obvious reaction of 
dimerisãtion between 2radicals does not occur to any great extent 
unless the unpaired electron is delocalised. Benzyl radicals have 
sufficiently long lives to enable two radicals to collide and dimerise; 
39. 
2CH2_ 
II I etc. 	> (PhCH2)2 
Radicals which are normally too short-lived to dimerise usually 
attack the solvent. With an olefinic solvent, addition of the radical 
may occur forming a larger radical which can react by either (a) 
chain transfer, or (b) addition to another molecule of olefin leading 
to polymerisation: e, g'. with phenyl radicals in styrene. 
Ph + CH2 =CHPh 	>PhCH 2 CHPh 
RX 	 PhCH 2 CHXPh + R 
(a) 
PhCH 
2 
 CHPh 
PhCHCH 	
PhCH2CHPhCH2CHPh etc. > 
In aromatic solvents the most common type of reaction of aryl 
radicals is one of aromatic substitution, via an addition-elimination 
mechanism. 83 
Ar + 	 >
oxid. 
H )O 
(100) 
The arylcyclohéxadienyl radical (100) may exist long enough to react 
by (a) dimerisation or (b)disproportionation: 84 
Abstraction reactions of aryl radicals are found to occur when 
benzoyl peroxide is allowed to decompose in carbon tetrachioride 
chlorobenzene being one of the products. 85 
40. 
Ar X: 04 
A)/H H/Ocr Ar 
() X)X + aAr 
(Phc02 ) 2 	>PhCO2 	> Ph 	- 14 --- 'PhCl + CC1 
The fragmentation of the benzoyl radical to form the phenyl 
radical sometimes occurs when one radical can break up to give 
another radical and a very stable neutral species. Acetyl peroxide 6 
decomposes rapidly to give the acetoxy radical, which fragments to 
give the methyl radical and carbon dioxide: 
(CH 3 c0 2) 2 	>CH 3 CO 	 + Co2 
In an effort to attain a more stable structure some radicals 
rearrange; normally via a 1, 2 aryl shift. 2, 2, 2- Triphenyl ethyl 
rearranges to give the more resonance stabilised radical (101). 87 
Ph 
Ph 2 C — CH 2 	> Ph 2 C— CH2Ph 
(101) 
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6. BIS(TRIMETHYLSILYL) MERCURY. 
Until recently studies on bis(trimethylsilyl) mercury, 
Me 3SiHg Si Me 3 , remained within the domain of the organo-metallic 
chemist who was interested in this mercurial compound as an analogue 
of bis(triphenylsilyl) mercury 88 and bis(triethylsilyl) mercury, prep-
ared by the following method: 89 
2Et3SiH + Et 2Hg 	2C 2H6 + (Et 3 Si) 2 Hg 
In 1963 Wiberg 
90 
 discovered a simple route to his (trimethyl-
silyl) mercury using, in a modification of the Wurtz synthesis, the 
reaction of sodium amalgam with chlorotrimethylsilane: 
2Me 3SiC1 + Na/Hg 	> Me3 Si- Hg - SiMe 3 
Later modifications 91 have used bromotrimethylsilane and iodotri-
methylsilane with the maximum yield of the mercurial (>70%) being 
achieved with the latter. This simple synthesis has allowed many 
aspects of the chemisiry of bis(trimethylsilyl) mercury to be studied 
in considerable detail. Because of the sensitivity of the mercurial 
to air, moisture and ultraviolet light, it must be handled with care, 
preferably in a darkened dry box. 
The activation energy of decomposition of bis(trimethylsilyl) 
mercury of 56. 8 k. joules mole 
1 
 has been calculated from its rate of 
decomposition in the ion-chamber of a mass-spectrometer. 92 This 
value has been attributed to the dissociation energy for the silicon-
mercury bond (Me 3Si - Hg) in the molecule and compares with the 
much larger dissociation energy of 243 k. joules mole 
1 
 for hexamethyl- 
disilane (Me 3Si - SiMe3). 92 This very low value of 56 k. joules mole 1 
is indicative of the instability of bis(trimethylsilyl) mercury which has 
been variously reported as having a half-life, in cyclohexane at 1900, 
91 	 93 
of between 24 hours and 3 days. 
42. 
cyclohexane 
(Me3Si)2Hg 	
1900 	
Hg + (Me 3Si) ti 	24 hr - 3 days. 
2 
Instantaneous reaction occurs with water or alcohols: 94 
(Me 3 Si) 2Hg + HX 	'Hg + Me 3SiOH + Me3 SiH 
(x = OH, OEt) 
the driving force of the reaction being the formation of the strong 
silicon-hydrogen bond (dissociation energy = 307 k. joules mole ) 95 
and silicon-oxygen bond (dissociation energy = 790 k. joules mole- 1 ). 95a 
In common with the majority of organo-metallic compounds 
with M-M' bonds (M, M' = Si, Ge, Sn, Pd, Mn etc.), bis(trimethyl-
silyl) mercury is easily oxidised by air to give numerous products 
including mercury, dimethylmercury and hexamethyldisiloxane. 96 
Since the products are so variable, the mechanism remains obscure 
although the initial step is probably the insertion of oxygen into the 
silicon-mercury bond to form a compound containing -Si-O-O--Hg-, 
which can then decompose. 
It has been shown 97 that the decomposition of bis(trimethyl-
silyl) mercury intoluene in the dark at 1900  gave mercury, hexa-
methyldisilane, trimethylsilane, benzyltrimethylsilane, dibenzyl and 
a series of unidentified polysilanes. These products immediately 
suggested a tadical mechanism for the decomposition: 97 
(Me 3Si) 2Hg 	 .>2Me 3Si + Hg 
2Me 3 .Si' 	 >(Me 3 Si) 2 
Me 3Si + Ph Me 	> Me 3Si H + Ph CH 
Me 3Si + Ph CH 	> Me 3Si CH2 Ph 
2PhCH 	. 	 PhCH2CH2 Ph 
Trimethylsilane and phenyltrimethylsilane were obtained from the 
decomposition of bis(trimethylsilyl) mercury in benzene, 98  and in 
43. 
chlorobenzene 98 these products together with chlorotrimethylsilane 
were obtained. In neither benzene nor chlorobenzene was biphenyl 
detected which indicated that the trimethylsilyl radical did not abstract 
a hydrogen from benzene directly, but first added to the aromatic ring 
as in the usual homolytic substitution of hydrogen on a benzene nucleus: 
H SiMe3 	SIMe3 
0  Me3Si 	 Me3SiOMe35iH - [ Ii 	> 
To explain the observed products in some reactions it is 
preferable to propose some ionic participation as well. 	The reaction 
between his (trimethylsilyl) mercury and trifluoromethyl iodide occurs 
rapidly (< 5 mins) in the dark in a sealed tube at 200, the main products 
being fluorotrimethylsilane and, surprisingly, tetrafluoro ethylene. 
One possible route to these products could be through the intermediate 
trimethyltrifluorosilane (102): 
Me 3Si + CF3I 	—> Me 3 SiCF 3 + I . 
(102) 
2Me 3SiCF 3 	 > 2MeSiF + C 
2 F 
 4 
However, such ready decomposition of this intermediate (102) must be 
considered unlikely since the cor res ponding tin - compound, Me 3Sn C F 3 , 
0 	 0 99 is known to be stable at 101 and to decompose slowly at 150 
It is improbable that the silicon compound would decompose at 20 0  
within 5 minutes. If an electron-transfer step (ii) is included, the 
observed products may be readily accounted for through the decom-
position of the unstable trifluoromethyl carbanion CF 3 (103): 
Consistent with this theory, it was found 99 that in the reaction of 
bis(trimethylsily].) mercury with bromopentafluorobenzene (in the dark 
for 7 days at 20
0
) the major product was trimethylpentafluoropheny]..-
silane (104) (67%). In this case any electron transfer would have 
44. 
	
(Me 3 Si) 2 Hg + CF 3I 
	(i) 	
Me 3Si + CF 3 + Me 3SiHgI 
Me 3Si + CF3 	 3 > MeSi+ + CF 3 
(103) 
2CF 3 .) C 2F4 + 2F 
Me3Si 
• 	- 	(iv) 
+ F ->Me 3 SiF 
resulted in the pentafluorophenyl ion which, being much more stable 
than C F 3 , would be far less likely to undergo fluoride ion elimination 
and subsequent decomposition: 
FF 
F 	 F 	 I Me3Si 
F 	 F 	 FF 
F'2SI Me3 
F(104)  
It was proved that free radic•al processes must be important 
in the decomposition of bis(trimethylsilyl) mercury when irradiation 
of a solution of the mercurial in styrene or methyl methacrylate 
caused polymerisation. 	Irradiation of the mercurial at room tem- 
perature in toluene gave mercury in quantitative yield, hexamethy].-
disilane, and theo-, rn-, -trimethylsi1yltoluenes ( 20%) in the ratio 
2:2:1 respectively. 100 A similar experiment with anisole yieldedo-, 
rn-, .-trimethylsi1ylanisole in approx. 8, 4, 1% respectively. These 
isomer ratios are consistent with a free radical aromatic substitution 
mechanism. 
However, the reaction between bis(trimethylsilyl) mercury and 
45. 
anisole under thermal activation is observed to take a very different 
course, the results of which suggest that radical processes may be 
less important in the thermal decomposition than in the photochemical 
decompositions. 
102 
 Bis(trimethylsilyl) mercury decomposes rapidly 
(t j = 0. 6 hr) in anisole at 2200  and only 30% of the theoretical 
2- 
quantity of mercury is liberated. The products include hexamethyl-
disilane (6- 23%),  phenoxytrimethylsilane  (70-80%), tetramethylsilane 
(1%) and small quantities of methoxytoluenes. These products can be 
rationalised 102 by assuming that only a small pecentage of the 
mercurial decomposes via trimethylsil4 radicals, while the majority 
reacts via a "four- centred molecular reactive intermediate, " (10.5) 
formed between anisole and the mercurial. Decomposition of this 
intermediate would give the observed products: 
Ph OMe 	 Ph 0 ........Me 	 PhOSiMe 3 
—Major—> 	 > 
	
Me 3SiHgSiMe 3 	 Me 3Si .........HgSiMe 3 	MeHgSiMe 3 
(105) 
minor 
Hg + 2MSi 	 > (Me 3 Si) 2 + Me3SiH 
The driving force for the reaction is the formation of the very strong 
bond between silicon and oxygen. 
95a 
 Methoxytoluenes are probably 
formed by the attack on anisole of the methyl radicals, formed in the 
thermal decomposition of Me-Hg bonds. 
Eaborn and Jackson 102 argue that the fast reactions of bis-
(trimethylsilyl) mercury with aryl halides, especially aryl bromides 
and iodides, probably go via an analogous "four centred" intermediate 
rather than a free radical pathway. Fields and } -Jaszeldine 91 also 
favour this suggestion for the reaction between bis(trimethylsilyl) 
mercury and iodobenzene in the dark, giving as the main reaction 
products diphenyl mercury ( 7 5%), iodotrimethylsilane ( 87 %), trimethyl-
phenylsilane (18%) and phenylmercury iodide ( 6 %). There was no 
46. 
formation of biphenyl or hexamethyldisilane which supports the "four 
centred" intermediate (106): 
PhI 	 Ph ......I 	 Me 3SiI 
> 
(Me 3 Si) 2Hg 	Me 3SiH ........SiMe 3 	+ Ph HgSiMe 3 
(106) 	 I 
PhSiMe 3 + Hg 
PhHgSiMe 3 + Ph I —>Ph,Hg + Me3Si I 
The phenylmercury iodide was probably formed by the reaction of 
diphenylmercury with some iodine, which might have been liberated 
during the reaction. 
However, a mechanism postulating much more radical parti.-
cipation must be considered for the reaction of bromobenzene or 
iodobenzene and bis(trimethylsilyl) mercury in benzene, since 
considerable amounts of biphenyl (20%) were found (see discussion). 
Bis(Lrimethylsilyl) mercury is also known to react with carbenes, 
103 
which insert in the Si-Hg bond. Seyferth 	has shown that dichloro- 
carbene (Cd 2), produced from phenyl(bromodichloromethyl) mercury, 
reacts at 70
0 
 with bis(trimethylsilyl) mercury to give trimethyl-
(trichlorovinyl)silane, Me 3SiCC1 = Cd 29 chlorotrimethylsilane, 
tetrachioroethylene, mercury and phenylmercury bromide. He 
rationalised the products by suggesting carbene insertion in the Si-Hg 
bond followed by reaction of the adduct with the carbene source: 
(Me 3 Si) 2 Hg + :CC1 2 	 > Me 3 SiHgCC1 2SiMe 3 
Me 3 SiHgCC1 2SiMe 3 + PhHgCC1 2Br 	> Me 3SiHgCC1 2CC1 2SiMe 3 
+ PhHgBr 
V 
Me SiHgC1 + Me SiCC1 Cdl 
3 	 2 
Me 3SiCl + Hg 
47' 
Another recently investigated reaction which involves insertion 
into the Si-Hg bond, is the addition of fluoro-olefins to bis(trimethyl- 
104 
silyl) mercury. 	A 1:1 adduct (107) has been isolated in the 
photochemical reaction of the mercurial and tetrafluo ro ethylene. 
F 	 _ 
c= 
F + (Me3 5i)Hg 	> F-C— C-F 
F 	F 	 Me3Si HgSiMe 3 
(107) 
J,uv 
M e35 i - ç- - SIMe3 
Me 3SjHg F 
(Me 3Si)2 Hg FNI 
C=C ,F 
Me3SI 	F 
	
F 	F 
C=C 	2:1 adduct 
Me3Si 	SjMe3 
With hexafluoropropene, CF 6 , only one 1:1 adduct was detected 
and its decomposition gave the propenyl compounds (108) and (109). 
F 3C 
C=C 
/ 	.., 
F SiMe3 
(108)  
F3C 	,SiMe3 
C=C 
I - 	\ 
F F 
(109) 
Further reaction of trimethylpentafluoropropenylsilane (108) with 
the mercurial gave a single compound, CF 3 C(SiMe 3 ) = CF SiMe 3 . 
Thus it would appear that the reaction with bis(trimethylsilyl) mercury 
with fluoro-olefins involves a stereospecific insertion of the olefin 
into one of the Si-Hg bonds of the murcurial. The adduct then decom-
poses by stereospecific elimination of mercury and fluorotrimethyl-
silane, where the fluorine is on the carbon 3 to the mercury: 
48 
F F 
FC—F 
Me3Si HgSiMe3 
uv 
	
F. 	F 
c=c. / 
Me3Si 	F 
Bis(trimethylsilyl) mercury reacts with organic 1, 2-dibromo 
compounds to give the corresponding alkene, along with mercury and 
trimethyibromosilane. 
105
1, 3-Dibromopropane also reacts with the 
mercurial to give cyclopropane. 
The g ermanium analogue, bis(trimethylgermyl) mercury (110), 
is found to react with dibromo compounds in a stereospecific reaction 
suggesting a one stage molecular mechanism: e. g. bis(trimethyl-
germyl) mercury reacts with erythro- 2, 3- dibromo-4-methylpentane 
to give cis-4-methyl-2-pentene (9 6 %) (11.1). 
Me..,. .H 
> 
Br 
Br ,.GeMe3 
(110) 
Hg 2Me3GeBr 
Me,H 
-I- 
i_Pr'H 
(111) 
These observations with the silicon and germanium mercurials 
prompted experiments to be carried out (see experimental) between 
di- iodobenzene and bis(trimethylsilyl) mercury in an attempt to obtain 
1,4-elimination of iodine from the benzene ring to yield a benzyne or 
benzynoid species (112). Calculations 
106 
 on the molecular diameters 
suggested that the two molecules would have suitable geometries for 
the reaction via a "one stage molecular elimination of iodine. " 
However, it was found that this type of reaction involved the iodophenyl 
radical and not the 1, 4-benzyne, indicating that the reaction proceeded 
by a step-wise and not a concerted mechanism. 
49. 
ii 	+ 
	Me3-Si—Hg---Si- Iv1e3 
55A 
1 
2Me3SiI 
Hg 
Me3Si —Hg—SiMe 3 
PROGRAMME OF RESEARCH 
It has recently been shown that N- nitrosoac etanilide decomposes 
in the presence of aryne traps to give aryne adducts and that similar 
products are obtained f rom the reaction of anilines and acylarylamines 
with organic nitrites. However, little was known about the detailed 
mechanism of these reactions. This investigation was initiated to 
attack this problem in two ways, firstly by way of product studies with 
substituted N-nitrosoacylarylamines and anilines and secondly by the 
kinetic investigation of the reactions. Results of this work indicated 
the critical importance of water in these decompositions and the pro-
gramme was modified to include work on the maximisation of yields 
of aryne adducts. 
A noval reaction between polymethylhalobenzenes and strong 
bases has been reported by Cadogan and Hall 8 and two possible 
mechanisms, involving bidentate reactive intermediates, were propo s ed. 
It was decided to synthesise the possible reactive intermediates in an 
effort to differentiate between the suggested mechanisms. Other 
methods of making 1, 3-bidentate reactive intermediates were 
50. 
investigated in the hope that they might throw some light on the 
reactions of polymethylhalobenzenes and strong base. 
Bis(trimethylsilyl)mercury has been found to be a versatile 
reagent for the simultaneous dehalogenation of aliphatic dihalides. 
It was possible that simultaneous dehalogenation of aryl dihalides 
might occur with this reagent to yield 1, 2-, 1,3-, and 1, 4- dehydro-
benzenes. 
51 
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EXPERIMENTAL 
Gas- Liquid Chromatography. For analytical investigations, 
three instruments were used: a Pye 104 chromatograph, with flame-
ionisation detector, using 1. 5 metre or 2. metre x 4 m. m. i. d. glass 
or stainless steel columns; a Griffin and George D. 6 chromatograph 
with gas-density balance, using 2 m x 5. 0 m. m. i. d. glass or stain-
less steel columns; a Varian Aerograph 1520 B chromatograph with 
a flame-ionisation detector, using 2 m x 2. 2 m. m. i. d. stainless 
steel columns. Quantitative measurements were made with the D. 6 
instrument using the method of Cadogan and Sadler, 107 or using the 
Pye 104 after calibration of the instrument with known mixtures of 
authentic sample and internal standard. All authentic samples and 
internal standards were purified before use. For preparative g. 1. c. 
a Pye 105, model 15, with 5 m. x 7 m. m. i. d. glass columns, was 
used. In all cases the carrier gas was nitrogen, the flow rates and 
split ratios being that recommended by the manufacturers. The 
following stationary phases, supported on 100-120 mesh celite, were 
employed: Neopentylglycol succinate (NPGS), polyethyleneglycol 
adipate (PEGA), apiezon L grease (APL), carbowax 20 m (CAR), 
silicone grease (5E30) and fluorosilicone oil (QF 1). 
Thin-Layer Chromatography. Chromatograms were run on 
0. 3 m. m. layers of alumina (Merck, Aluminium Oxide G) or silica 
gel (Machery, Nagel and Co., Silica Gel G). Components in the 
developed chromatogram were detected by their fluorescence in u. v. 
light or by their reaction with iodine. 
Column Chromatography. Alumina was Laporte Industries Ltd., 
Grade H, mesh 100- 200 (Brockmann activity I and II). Also used for 
Dry-Column Chromatography 
108
was Woelm Alumina (Brockmann 
activity III), containing0. 5% inorganic fluorescent indicator for short 
wave u. v. (254 nm). Silica gel was Whatman Chromedia SG 31. 
Infra-red Spectroscopy. Perkin- Elmer models 257 and 337 were 
59. 
used. Liquids were examined as thin films; solids either as melts 
or nujol mulls. Solution spectra were obtained with matched sodium 
chloride cells, path length 0. 1 m. m. Polystyrene, 1603 cm 1  and 
1029 cm, ' was used as a reference. 
Ultraviolet Spectroscopy. A matched pair of 1 cm quartz 
cells were used with a Unicam S. P. 800 Ultraviolet Spectrometer. 
Melting Points. The melting points of all new compounds were 
determined on a Kofler hot-stage apparatus. 
Elemental Analysis. Microanalyses were performed on a 
Perkin-Elmer Elemental Analyser 240. 
Photochemical Reactions. A Hanovia 100 watt Medium Pressure 
Mercury Arc Tube in a water-cooled quartz envelope was surrounded 
by the reaction mixture in a 100 ml Pyrex reaction vessel. 
Nuclear Magnetic Resonance Spectroscopy. A Perkin-Elmer 
Model R- 10 Nuclear Magnetic Resonance Spectrometer, operating at 
a frequency of 60 MHz, field 14, 100 gauss and probe temperature 
35 
50 
 and a Varian HA- 100 Nuclear Magnetic Resonance Spectrometer, 
operating at a frequency of 100 MHz, field 23, 490 gauss and a proble 
temperature of 280  were used. Chemical shifts are recorded as tau 
(T) values in parts per million, tetramethylsilane (T = 10. 0) being the 
internal standard. Spectra were determined on 1 10- 15% w/v solutions 
in carbon tetrachloride or deuterochloroform. 
Mass Spectroscopy. Mass spectra were obtained using an 
A. E. I. MS- 902 mass spectrometer.. G. 1. c. - mass spectra were 
obtained with a Pye 104 Chromatograph coupled to an A. E. I. MS- 20. 
Solvents and Reagents. Common solvents were purified by 
conventional methods. Petroleum, unless otherwise stated, refers 
to the fraction b. p.  40-60
0
. Super-dry ethanol was prepared as 
described by Vogel. 
109 
 Super-dry benzene, petroleum and decalin 
were distilled from lithium aluminium hydride in an atmosphere of 
nitrogen and stored over mo1ecu1ar sieve. Furan was passed down an 
alumina column, distilled and dried over sodium. Potassium t- 
Tom 
butoxide was sublimed, block temperature 2000/0. 02 mm Hg, and 
handled in a dry-box. Bis(trimethylsilyl)mercury was handled in 
a dry-box under nitrogen. All commercial amines were either 
distilled or recrystallised before use. 
61. 
I. KINETIC AND MECHANISTIC INVESTIGATIONS OF THE 
DECOMPOSITION OF N-NITROSOACYLARYLAIvIJNES AND 
RELATED SYSTEMS IN THE PRESENCE AND ABSENCE 
OF ARYNE TRAPS. 
PREPARATION OF ANILINES 
Ethyl 2-aminobenzoate was prepared by the method of Bamberger 11°  
from antranilic acid and ethanol saturated with hydrogen chloride gas. 
The product was purified by distillation, b. p. 82 0 /0. 04 mm Hg. 
4-t-Butylaniline was prepared by the method of HargerlU 
from 4-t-butylnitrobenzene and iron/HC1. The product was purified 
by distillation, b.p. 134 
0
/15mmHg. 
PREPARATION OF. ACYLARYLAMINES 
General method: Acetic anhydride (15 g.) was gradually added 
to a stirred solution of the aniline (64 mmol) in acetic acid (8 g). The 
mixture was heated at 120
0 
 for 30 mm. The solid, which separated• 
when the hot solution was poured into ice-water (500 ml), was collected, 
washed with water (1 1), dried and recrystallised from benzene/ 
petroleum (3.1) to give the acylarylamine. 
The following were prepared by the above method, Table 3. 
PREPARATION OF N-NITROSOACYLARYLAMINES 
General method: (i) A solution of the acylarylamine (69 mmol) 
and potassium acetate (10 g) in a mixture of acetic anhydride (15 ml) 
and glacial acetic acid (35 ml) was cooled to 0. Nitrosyl chloride 
6 g) in acetic acid (30% w/v solution) was added over 30 mm, the 
mixture stirred at 00  for another 30 min and then at room temperature 
for 30 mm. The solution was poured into ice-water (1. 5 1) and the 
precipitate filtered and washed with water (2 x 750 ml) and dried 
between filter-papers before being dried over phosphorous pentoxide/ 
62. 
Table 3 
Acylarylamines (R C 
6 H 
 4 NHCOR') 
R R' Yield rn/lOOm n-i. p. 
° 
lit. M. P. 
° 
ref. 
2-Br Me 88 99 99 112 
3-Br Me 70 87 87.5 112 
4-Br Me 80 167 168 112 
3-MeO Me 73 81 81 112 
4-MeO Me 80 129 130-2 112 
2-Cl Me 76 86-7 87 112 
2,5-diCi Me 83 133 133 112 
3-NO 2 Me 75 156 154-6 112 
3-t-Bu Me 78 100 101 112 
H Et 76 105-6 105-6 112 
0. 01 mm Hg for 3 hr to give the N-nitrosoacylarylamine. No re-
crystallisations were attempted due to the risk of explosions. I. r. 
spectroscopy indicated the absence of starting material (N-H absent) 
and absence of water. Melting with rapid decomposition occurred in 
all cases. The following were prepared by this method; Table 4. 
Table 4 
N-Nitrosoacylarylamines (R C 6 H4 
NO 
1 1 COR') 
R R' 	Yield rn/lOOm m. p. 0 
0 
lit. M. P. ref. 
H Me 	 76 48 50 113 
2-Br Me 	 75 45 47 114 
3-Br Me 	 . 	70 48 49 114 
4-Br Me 	 76 80 84-5 49 
4-MeO Me 	 80 80 83-4 115 
H Et 	 75 50 53 49 
63. 
Preparation of N-nitrosacetanilide from acetanilide and nitrous fumes 
by the method of Tan '2° produced a yellow solid which was much more 
explosive than that prepared from nitrosyl chloride. However, kinetic 
investigations and product analysis of the decomposition in benzene in 
the presence and absence gave identical results to the N-nitrosoacet-
anilide prepared from nitrosyl chloride. 
3- Bromo-4 Lchloro_N_nitrosobenzanilide: A mixture of 3-bromo-
4Lchlorobenzanilide (5 g, 17 rnrnol), acetic acid (50 ml), acetic 
anhydride (50 ml) and pyridine (15 ml) was stirred and cooled to 00. 
Nitrosyl chloride (10 g) in acetic anhydride (50 ml) was added over 30 
mm, the solution was stirred for another 15 min and then poured into 
ice-water (1 1). The precipitate was filtered, washed with water (2 x 
500 ml), dried between filter-papers and then dried over phosphorous 
pentoxide/0. 01 mm Hg for 3 hr to give 3-bromo-4 1 -chloro-N-nitroso-
benzanilide (4 g, 72%), m.p. 55
0 	 116 	o 
, (lit., 	57 ). 
4. 	PREPARATION OF NITROSATING AGENTS 
109 Pentyl nitrite was prepared as described by Vogel, 	b. p. 
103_50 and stored at _300  over molecular-sieve. 
Nitrosyl chloride was prepared by the method of Morton and 
Wilcox, 
119 
 by allowing an aqueous solution of sodium nitrite to react 
with hydrochloric acid. The gas was liquified at -70
0 
 and was stored 
at -30 0 , either in acetic anhydride (30% w/v solution) or in carbon 
tetrachloride (30% w/v solution). 
Nitrous fumes were prepared by the method of Tan 12° by 
dropping con. nitric acid onto sodium nitrite. The evolved fumes were 
passed through acetic anhydride/acetic acid to purify them and then 
bubbled into the reaction mixture. 
4-Chlorobenzoyl nitrite. To a solution of sodium bicarbonate 
(9 g, 0. 11 rnol) in water (40 ml) was added 4-chlorobenzoic acid until 
a slight excess of acid remained (17 g, 0. 12 mol). The solution was 
filtered hot and silver nitrate (19 g, 0. 11 mol) in water (100 ml) was 
added to the stirred filtrate. The white precipitate of silver 
4-chlorobenzoate was washed with ethanol and dried over phosphorous 
pentoxide/0. 01 mm Hg. 
To a stirred suspension of silver 4-chlorobenzoate (20 g, 75 
mmol) in dr'y carbon tetrachioride (180 ml) at -.10 ° was added nitrosyl 
chloride (8 g, 125 mmol) over 30 mm. After stirring for a further 20 
min at - 100 and 1 hr at room temperature the solution was filtered 
under nitrogen. The residue was washed with dry carbon tetrachioride 
(20 ml), the filtrates combined and the solvent evaporated at reduced 
pressure. The residue was distilled to yield 4-chlorobenzoyl nitrite 
(10 g, 53 mmol, 71%) b. p. 700 /1 mm Hg, (lit., 
121 
 62
0
/0. 7 mm Hg). 
This compound was dissolved in benzene (16% w/v solution) and stored 
at-30 
0 
ARYNE TRAPS 
9, 10-Dimethoxyanthracene was made from anthraquinone by 
Meyer's method in 65% yield and recrystallised from acetic acid, m. p. 
202
0 
 (lit., 
117 
 2020). 
2, 3,4, 5-Tetrapheny1cyclopentadienone. To a solution of 
benzil (63 g, 0. 3 mol) and dibenzyl ketone (63 g, 0. 3 mol) in ethanol 
(650 ml), heated almost to its boiling point, was added potassium 
hydroxide (6. 3 g, 0. 16 mol) in ethanol (63 ml) over 15 mm. The solu-
tion was boiled under reflux for 20 min and then allowed to cool. The 
violet crystals were filtered and recrystallised from benzene/ethanol 
(2:1) to yield 2, 3,4, 5-tetraphenylcyclopentadienone (90 g, 0. 28 mol, 
91%), m. p.  2200 (lit., 
118 
 2180). 
REACTIONS OF ANILINE AND SUBSTITUTED ANILINES 
WITH PENTYL NITRITE AND ACETIC ANHYDRIDE IN 
BEN ZENE 
A. Aniline 
(i) At 450 in the presence of silver salts. To a stirred solution 
6s. 
of aniline (1. 86 g, 20 mmol), acetic anhydride (6. 2 g, 60 mmol) and 
silver acetate (0. 034 g, 0. 2 mmol) in benzene (200 ml) at 45 0 was 
added pentyl nitrite (3. 6 g, 30 mmol) in benzene (20 ml) over 4 h. The 
reaction mixture was stirred for 3 days and then chromatographed on 
alumina (100 g), eluting with petroleum until all the fractions containing 
biphenyl were obtained. Examination of the fractions by g. 1. c. (1% 
SIL, 100
0
) proved that the biphenyl was pure. The biphenyl was  re-
crystallis 	from ethanol to yield 1. 11 g (36. 5 rn/lOOm of aniline), 
M. p. and mixed m. p.  71
0
, lit., 
112 
 71
0 
	Farther elution of'the 
column did not yield any other low boiling components. 
A similar experiment with aniline (5 mmol) and silver acetate 
(5 mmol) yielded pure biphenyl (37 m/lOOm) m. p. and mixed m. p.  71 0 . 
In neither of the above experiments was benzocyclooctatetraene 
nor benzobicyclo[2, 2, 2]octatriene detected at its expected position in 
the g. 1. c. chromatogram. 
(ii) At the boiling point in the presence of silver salts and 
2, 3,4, 5-tetraphenylcyclopentadienone. To a stirred solution of 
aniline (0. 93 g, 10 mmol), 2, 3,4, 5-tetrapheny1cyclopentadienone (3. 84 
g, 10 mmol), acetic anh'ydride (3. 1 g, 30 mmol) and silver acetate 
(0. 017 g, 0. 01 mmol) in benz ene (20 ml) at its boiling point was added 
pentyl nitrite (1. 8 g, 20 mmol) in benzene (10 ml) over 1 h. The 
reaction was boiled under reflux for 12 h and then maleic anhydride 
0 g, 10 mmcl) was added to remove the excess 2, 3,4, 5-tetraphenyl-
cyclopentadienone. When the violet colour had disappeared (2 h), 
alumina (4 g) was added and the solvent evaporated, leaving the reaction 
mixture adsorbed onto the alumina. This was added to the top of a 
dry column of alumina (activity III, 60 x 2 cm) and eluted with cyclo-
hexane. Examination of the column with ultraviolet light indicated the 
presence of two bands. Extraction of these bands with ether and 
evaporation of the solvent yielded (a) 1, 2, 3, 4-tetraphenylnaphthalene (0. 53 g, 
12. 5 rn/lOOm), m. p. and mixed m. p.  200
0 
 (lit., 116 199- 2000); 
(b) biphenyl (0. 24 g, 15 rn/lOOm), n-i. p. and mixed m. p. 10 .  
With aniline (10 mmcl) and silver acetate (1. 6 g, 10 mmol) in 
the above experiment the following yields were obtained: (a) 1, 2, 3, 4-
tetraphenylnaphthalene (13. 2 m/ lOOm) and (b) biphenyl (12m/100m). 
B. Substituted ani.lines 
General method: To a stirred solution of the amine (5 mmol), 
2, 3,4, 5-tetraphenylcyclopentadiene (5 mmol), acetic anhydride (15 
mmol) in benzene (10 ml) at its boiling point, was added pentyl nitrite 
(7. 7 mmol) in benzene (5 ml) over 1 h. The solution was boiled under 
reflux for 12 h and then maleic anhydride (10 mmol) was added to 
remove the excess 2, 3,4, S-tetraphenylcyclopentadienone. When the 
violet colour had disappeared (2 h), alumina (3 g) was added and the. 
solvent evaporated, leaving the reaction mixture adsorbed onto the 
alumina. This was added to the top of a dry-column of alumina 
(activity III, 50 x 2 cm) and eluted with cyclohexane. Examination of 
the column with ultraviolet light indicated the presence of the products 
as distinct bands which were extracted from the alumina with ether. 
Evaporation of the solvent yielded the products: (a) substituted bi-
phenyls which were characterised by comparison of i. r., n. m. r. and 
mass spectra with authentic èamples where possible, (b) substituted 
1, 2, 3, 4-tetraphenylnaphthalenes, which were recrystallised from 
benzene/ethanol (1:2) and characterised by comparison of i. r., n.m. r. 
and mass spectra with authentic samples. Melting points and mixed 
m. p. agreed with authentic samples. 
A variety of substituted anilines, aminoanthraquinones and 
aminopyridines were treated in this manner (see table 5). 
Notes on table 5: 
T.P.N. = 1,2, 3, 4- tetra phenylnaphthal en e 
+ The products could not be separated by dry-column 
chromatography. Normal wet- column chromatography on 
alumina (activity I) was used. 
Isomer ratios in the t-butyl and methoxy adducts were 
determined by 100 mHz n.m. r. spectral analysis. 
* indicates new compounds. 
67. 
Table 5 
Reactions of substituted anilines with pentyl nitrite in the presence 
of 2, 3, 4, 5- tetraphenylcyclopentadienone 
Yield of 
Biphenyl 
rn/lOOm 
Yield of Adduct 
rn/lOOm 
5-T.P.N. 	6-T.P.N. 
o 
M. P. 
o 
lit. M. P. ref. 
2-Br 40 0 
3-Br 17.5 17.5 231 235 116 
4-Br 19.6 4.1 238 243 116 
3-C1 18 17 242 242 121 
3-I 17 16. 2 206 
2-MeO 22.6 0 
3-MeO 5 28+ 	7 218.5 
4-MeO 18.5 0 
2-NO 2 2 0 
3-NO 2 5 38 252 254 116 
4-NO 26 0 
2-CO 2Et 0 
a. 
16.9 210 
3-CO Et 0 4.8 	9.6 212-5 
4-CO 2Et 0 
* 
17.2 218 
3-But 9.5 4.6+ 	18.4 205-75 111 
4-Bu 12.6 10.1 284-5 111 
2,5-diCl 10.8 
* 
2.8 229 
2,4-diNO 2 2 0 
3,5-diNO 37 0 
2,5-diMeO 3 3.4 175 
3-arnino 0 0 
py ri dine 
2-amino 0 0 
pyridine 
amino 0 . 	13.4 219-20 220 122 
pyridine Tetraphenyl- 
i soquinoline 
2 amino 0 0 
anthraquirone 
ME 
N ew compounds 
5-lodo- 1, 2, 3, 4-tetraphenylnaphthalene, m. p.  206
0 
. 
N.m. r. (CDC1 3 ): T 1.8-2.42 (complex, 31-1, aromatic), 
2.73-3 (complex, JOH, 2Ph), 3. 1-3. 3 (complex, 1OH, 
2 Ph). This n. m. r. spectrum is typical of a substituted 
1, 2, , 4Ttetraphenylnaphtha1e1. 
Mass spec: m/e, 560 ± 2 (C 34H 231); 431 (C 34 H 23 ) 
(Found: C, 73. 5; H, 4.4. C 34H 231 requires C, 73. 2; 
H, 4 .1%). 
5, 8-Dichloro-1, 2, 3,4-tetraphen'ylnaphtha].ene, m. p. 229
0 
. 
I. r. (nujol): ) 	712 cm 
1  (c-cl stretching). max 
N.m. r. (cDcl 3 ): T 2.65 (, 2H, aromatic), 
98 (, 1OH, 2Ph), 3. 1-3. 5 (complex, 1OH, ZPh). 
Mass spec: m/e, 504/502/500 (C 34 H22c1 2 ). 
(Found: C, 81. 2; H, 4. 3. C 34H 22C1 2 requires 
C, 81.5; H, 4 . 4 %). 
, 8-Dimethoxy- 1, 2, 3, 4-tetraphenylnaphthalene, m. p.  1750 . 
Mass spec: m/e, 492 (C 36H 28 0 2 ); 246 (C 36 H 28 0 2 /2). 
(Found: C, 87. 9; H, 5. 5. C 36H 28 02 requires 
C, 87. 9; H, 5. 7%). 
6-Carbethoxy- 1, 2, 3, 4 -tetra phenylna phthal en e, m. p.  218
0 
. 
I.r. (nujol): V 	171 cm 	(C=O). max 
N. m. r. (CDC1 3 ): T 1. 6 (double doublet, 1H, aromatic), 
1. 98-2. 12 (double doublet, 1H, aromatic), 2. 65-2. 7 
1H, aromatic), 2.79 (, 5H, Ph), 2.81 (, 5H, Ph), 
18 (, 1OH, 2Ph), 5.58-5.8 (, 2H, ethyl), 8.6-8.8 
(j 3M, ethyl). 
Mass spec: m/e, 503 + 1 (C 37H 28 02); 431 (c 34H 23 ). 
(Found: C. 88.4; H, 5.5. C 37H 28 02 requires C, 88. 1; 
H, 5.6%). 
WE 
5 -Carbethoxy- 1, 2, 3, 4-tetraphenylnaphthalene, m. p. 2100. 
r. (nujol): 2 max 1708 cm 	(C0) 
N.m.r. (CDC1 3 ): T 2.31-2.4 (double doublet, 1H), 
42- 2. 52 (double doublet, 1H), 2. 65-2. 7 (d, 1H), 
2. 90 (, 5H, Ph), 2. 96 (, 5H, Ph), 3. 28 (broad s, 
1OH, 2Ph). 
Mass spec: 504 (C 37 H 2802); 431 (C 34 H 23 ). 
(Found: C, 87.8; H, 5.4. C 37H 2802 requires 
C, 88.1; H, 5.6%). 
7. 	KINETIC INVESTIGATION OF THE REACTION OF 
ANILINE WITH PENTYL NITRITE AND ACETIC 
ANHY DRI DE. 
A. General method in benzene. The reaction was followed 
by the rate of evolution of nitrogen, which was measured in a gas-
burrette filled with 10% sodium hydroxide to absorb any carbon dioxide 
formed. The burrette was protected from the reaction vessel by a 
calcium chloride drying tube to exclude moisture from the reaction. 
To a stirred solution of aniline (0.93 g. 10 mmol) and acetic 
anhydride (3. 1 g, 30 mmol) in benzene (100 ml) at its boiling point, 
was inj ected through a rubber septum, pentyl nitrite (1. 1. g, 10 mmol). 
After a short initial period (ca. 5 sec), due to the slight cooling of the 
solution by the pentyl nitrite, nitrogen gas was evolved and the volume 
(Vi) liberated was monitored over a period of 3 h. The reaction was 
allowed to boil under reflux for a farther 9 h and the final volume (V) 
of gas liberated was noted. 
The order of the reaction was deduced by examining the following 
47 
graphs 	(a) a straight line plot obtained in log V, /(V,,-Vt) vs time 
(t) indicated that the reaction obeyed first-order kinetics. 	(b) a 
straight line plot obtained in 	(V-Vt) vs time (j) indicated that 
70. 
the reaction obeyed second-order kinetics. With the above reaction 
it was found that second-order kinetics were obeyed; rate constant = 
-7 
9. 65 x 10 lit mol
-1 
 sec
- l
(graph 2 and table 6). 
After the kinetic run the reaction mixture was chromatographed 
on alumina (50 g). Elution with petroleum yielded biphenyl (0. 75 g, 
49 rn/lOOm of aniline), m. p. and mixed m. p.  70
0  (lit., 112 710). 
In the presence of anthracene. A similar experiment to 
A was carried out with anthracene (100 rn/lOOm of aniline) present. 
After a short initial period (3 mm) the decomposition obeyed first-order 
kinetics, rate-constant = 9.65 x 10 	sec 1 , graph 1. The products, 
table 6, identified were (a) biphenyl (23 m/ lOOm), m. p. and mixed m. p. 
70
0
, isolated by chromatography on alumina, eluting with petroleum; 
(b) triptycene (1. 32 rn/lOOm of aniline), identified by g. 1. c. retention 
time and peak enhancement with an authentic sample (2% NPGS, 180 ° , 
200
0
; 1% SE 30, 1800, 2100 ). The triptycene was estimated by g. 1. c. 
(1% SE 30, 1800 ) using fluoranthene as internal standard. The 
triptycene could not be obtained pure by column chromatography. 
In the presence of 9, 10-dimethoxyanthracene. A similar 
experiment to A was carried out with 9, 10-dimethoxyanthracene 
(100 m/lOOm of aniline) present. The initial reaction was very vigorous 
but after 15 min the decomposition obeyed first-order kinetics, rate-
constant = 5. 1 x 10 	sec 
1, 
 graph 1. The products were characterised 
and estimated as in B: (a) biphenyl (20 rn/lOOm); (b) 9, 10-dimethoxy-
triptycene (1. 3 rn/lOOm), table 6. 
In the presence of 2, 3,4, S-tetraphenylcyclopentadienone. 
A similar experiment to A was carried out with 2, 3,4, 5-tetraphenyl-
cyclopentadienone (100 rn/lOOm of aniline) present. The corrected 
volume of nitrogen (see E, below) was plotted, graph 1. The decom-
position obeyed first-order kinetics, rate-constant = 10. 1 x 10 	sec 1 , 
The reaction mixture was chromatographed on alumina (50 g). Elution 
with petroleum/ether (1:5) gave (a) biphenyl (11. 5 rn/lOOm of aniline), 
71. 
m. p. and mixed m. p.  71
0
. (b) 1, 2, 3,4- t etraphenylnaphthalene 
(15 m/100 m of aniline) m. p. and mixed m. p.  2080 . 
Determination of the rate of formation of tetraphenyl-
naphthalene in the reaction with 2, 3,4, S-tetraphenylcyclopentaclienone. 
To a solution of aniline (1. 84 g, 20 mmol), acetic anhydride (6 g, 60 
rnmol) and 2, 3, 4, S-tetraphenylcyclopentadienone (7. 6 g, 20 mmol) in 
benzene (200 ml) at its boiling point, was added pentyl nitrite (2. 2. g, 
20 mmol). At measured intervals, samples (10 ml) were withdrawn 
and the amount of 1, 2, 3, 4- tetraphenylnaphthalene present was deter- 
- mined by g. 1. c. (1% SE 30, 178 0  programmed to 225 0  at 12
0
/mm), 
using triptycene as internal standard. The smooth curve was obtained, 
graph 3. 
Rate of consumption of pentyl nitrite in the reaction. 
To a solution of aniline (0.46 g, 5 mmol), acetic anhydride (i. 5 g, 15 
mmol) and benzene (50 ml) at its boiling point was added pentyl nitrite 
(0. 92 g, 8 mmol). Samples (1 ml) were withdrawn at intervals and 
examined by liquid film i. r. spectroscopy. The absorption at 1640 
cm, 1 corresponding to the stretching of the N=O bond, 123 was 
observed to diminish regularly over 3h and then remain at a constant 
level. 
Table 6 
The reaction of aniline with pentyl nitrite and acetic anhydride in benzene. 
PhNH + AcO + AmONO C6H6 >products  
2 	2 	 x 
X Yield of Biphenyl 
rn/lOOm of aniline 
Yield of Adduct 
m/100mofanjline 
Rate-constant 
sec 1 x io 
- 49 - 2nd order 
Anthracene 23 1.32 9.65 
9, JO-Dimethoxy 20 1.3 5.1.  
anthracene 
Tetracyclone 11 15 10.1 
72. 
8. 	DECOMPOSITION OF N-NITROSOACYLARYLAMINES IN 
BENZENE IN THE PRESENCE OF 2,3,4, 5-TETRA-
PHENYLCYCLOPENTADIENONE. 
N-Nitrosoacetanilide (0. 82 g, 5 mmol), dried over 
phosphorous pentoxide/0. 01 mm Hg for 3 h, was allowed to decompose 
in a solution of 2, 3,4, 5-tetraphenylcyclopentadienone (1.92 g, 5 mmol) 
in super-dry benzene (50 ml) at 310  for 12 h. The solution was then 
boiled for 30 min to complete the reaction, maleic anhydride (1 g, 10 
mmol) added and the reaction boiled under reflux until the purple 
colour had disappeared (2 h). 1, 2, 3,4,-T.etraphenylnaphthalene (68 m/ 
100 m of nitrosamide) was determined by quantitative g. 1. c. analysis 
of an aliquot of solution using -terphenyl as internal standard (Pye 
104, 1% SE 30, 1800 ). Column chromatography (alumina, 50 x 3 cm), 
eluting with petroleum/ether (1:1), yielded 1, 2, 3, 4- tetraphenyl-
naphthalene (1, 47 g, 68 %) m. p. and mixed m. p.  2080 . I. r. and n. m. r. 
spectra agreed with those of an authentic sample. 
NNitrosoacetanilide in the presence of water. Similar 
experiments to A were carried out with water added. The yields of 
aryne adduct are shown in Table 7. 
Table 7 
Decomposition of N-nitrosoacetanilide in the presence of 2, 3, 4, 5- 
tetraphenylcyclopentadienone and water 
Moles of Water! 100 moles of Nitrosamide Yield of Adduct 
m/100 m of Nitrosamide 
0 68 
11 50.4 
100 3 
500 1.5 
73. 
N-Nitrosoacetanilide in the_presence of salts. 
Experiments involving the decomposition of N-nitrosoacetanilide (5 
mmol) in a solution of 2, 3,4, S-tetraphenylcyclopentadienone (5 mmol) 
in benz ene (50 ml) in the presence of various salts were carried out 
as described in A (above). The aryne adduct, 1 1 2, 3,4-tetraphenyl-
naphthalene, was identified and estimated in a similar manner. The 
yields are shown in table 8. 
Table 8 
Decomposition of N-nitrosoacetanilide in the presence of 2, 3,4, 5-
tetraphenylcyclopentadienone and various salts 
Salt 	Moles of Salt/l00 moles of Nitrosamide Yield of Adduct 
rn/lOOm of 
Nitrosamide 
AgNO3 10 60 
AgOAc 0.1 64 
AgOAc 1 58 
AgOAc 10 56 
Ag OAc 100 56 
KOAc 10 63 
Substituted N- nitrosoacylarylamines. 
(i) General method. A stirred solution of the N-nitrosoacyl-
arylamine (10 mmol) and 2, 3,4, S-tetraphenylcyclopentadienone (10 
rnmol) in benzene (100 ml) was allowed to decompose at 310 for 12 h. 
The solution was then boiled for 30 min to complete the reaction. The 
solution was concentrated to 20 ml, maleic anhydride (2 g) added and 
the reaction boiled until the purple colour had disappeared (2 h). 
Column chromatography (alumina, 50 x 3 cm) eluting with petroleum! 
ether (1:1) yielded (a) the substituted biphenyl and (b) the substituted 
1, 2, 3, 4-tetraphenylnaphthalene. Both were confirmed by comparison 
of their i. r., n.m. r. and mass spectra with those of authentic samples. 
74. 
M. p. and mixed m. p. were performed on solid samples. 
Table 9 
Decomposition of substituted N-nitrosoacylarylamines in the presence 
2, 3,4, 5-tetraphenylcyclopentadi.enone 
X C 
6 H 
 4 N(NO)R 
R 
Yield of Biphenyl 	Aryne 
m/100mofNjtros- Product 
amide 
Yield of Aryne 
Productm/lOOm 
of Nitrosamide 
2-Br CH3CO 39 5-Br- 	, 1.0 
T. P. N. 
3-Br CH 3CO 6.4 5-Br- 53 
T.P.N. 
4-':Br CH CO 4.4 6-Br- 5.1 
T.P.N. 
4-MeO CH3CO 20 6-MeO- 3 
T.P.N. 
H CH CH 2CO 7.5 T.P.N. 60 
T. P.N. = 1, 2, 3, 4-Tetraphenylnaphthalene 
9. 	KINETIC INVESTIGATION OF THE DECOMPOSITION OF 
N-.NITROSOACETANILIDE IN BENZENE IN THE PRESENCE 
OF VARIOUS ADDENDA. 
A. General method. N -Nitro soac etanilide (0. 82 g, 5 mmol), 
held above the surface of benzene (50 ml) at 410, was allowed to drop 
into the benzene. The volume of nitrogen evolved (V) was measured 
at intervals over 3 h and after 10 h (V). A plot of log V /(V-Vt)
00 
vs time (t) was drawn. The decomposition obeyed the expected first-
order kinetics; 49 rate-.constant = 12.8 x 10 	sec 	(graph 4). 
Chromatography of the reaction on alumina (50 g), eluting with petroleum, 
yielded biphenyl (0.43 g, 56 rn/lOU m of nitrosamide), rn. p. and mixed 
0 
m.p. z70 
75. 
Anthracene. A similar experiment to A was carried 
out in the presence of anthracene (160 m/100 m of nitrosamide). The 
decomposition of N-nitrosoacetanilide obeyed fir st- order kinetics 
(graph 4), rate constant = 11.6 x 10 4 sec ' . The aryne adduct, 
triptycene (4 m/100 m of nitrosamide), was identified by comparison 
of g. 1. c. retention times and peak enhancement with an authentic 
sample. Estimation of triptycene was by g. 1. c. (1% SE 30, 1600) 
using fluoranthene as internal standard (table 10). 
9, 10-Dimethoxyanthracene. A similar experiment to A 
was carried out in the presence of 9, 10-dimethoxyanthracene (160 m/ 
100 m of nitrosamide). The decomposition obeyed first-order kinetics 
(graph 4), rate-constant = 11.9 x 	sec ' . The aryne adduct, 
9, 10-dimethoxytriptycene (3. 2 mf 100 m of nitrosamide), was charac-
tensed by comparison of g. 1. c. (1% SE 30, 2% NPGS, 160
0
, 180
0
) 
retention times and peak enhancement with an authentic sample. 
Estimation of the adduct was by g. 1. c. (1% SE 30, 180
0
) using triptycene 
as internal standard (table 10). 
Furan. A similar experiment to A was carried out in 
the presence of furan (200 m/ 100 m of nitrosamide). The decomposi-
tion was approximately as fast as in pure benzene (graph 5). Among 
the products detected by g. 1. c. /mass spec. comparison with authentic 
samples, were biphenyl and 2-phenylfuran. No aryne adduct, 1,4-
dihydro- 1,4-epoxyn aphthalene, was present. Nitrogen (100%) was evolved. 
2, 5-Dimethylfuran. A similar experiment to A was 
carried out with 2, 5-dimethylfuran (200 m/100 m of nitrosamide) 
present. The evolution of nitrogen (ca. 85% of the expected volume) 
was very slow and the decomposition did not obey first or second-order 
kinetics (graph 5). 
Water. Similar experiments to A were carried out in 
the presence of water (10 m/100 m and 500 m/100 m of nitrosamide 
76. 
respectively). The volume of nitrogen evolved was measured at 
intervals and it was found that, in both experiments, the decompositions 
obeyed first-order kinetics (table 10 and graph 6), rate-constants 
(10 m/100 m) = 11. 1 x 10 	sec ' and (500 m/l00 m) = 9.9 x 10 4 sec 1 . 
2, 3, 4, 5- Tetraphenylcyclopentadienone. A similar 
experiment to A was carried out in the presence of 2, 3,4, 5-tetra-
phenylcyclopentadienone (100 m/100 m of nitrosamide). When the 
volume of gases (nitrogen and carbon monoxide) had been corrected for 
the carbon monoxide evolved, the decomposition followed first-order 
kinetics, rate-constant = 10.5 x 10 	sec 	(graph 4). Excess 2, 3, 4, 5- 
tetra phenylcyclo penta di enone was destroyed by boiling the reaction 
mixture with maleic anhydride (1 g) for 2 h. Chromatography of the 
reaction mixture on alumina (100 g), eluting with petroleum/ether (5:1), 
yielded (a) biphenyl (4 m/100 m of nitrosamide), m. p. and mixed m. p. 
710; (b) 1,2, 3,4-tetraphenylnaphthalene (65 mflOO m of nitrosamide) 
m. p. and mixed m. p.  208
0 
 
Determination of the rate of formation of tetraphenyl-
naphthalene in the decomposition with 2, 3,4, 5-tetraphenyl6yclopenta-
clienone. N-Nitrosoacetanilide (3. 28 g, 20 mmol) was added to a solu-
tion of 2,3,4, 5-tetraphenylcyclopentadienone (7.68 g, 20 mmol) in 
benzene (200 ml) at 41 0 . Samples (10 ml) of the reaction were with-
drawn at intervals and the amount of 1, 2, 3, 4-tetraphenylnaphthalene 
present was estimated by g. 1. c. (1% SE 30, 176
0 
 programmed to 225
0 
 
at 12
0
/mm), using triptycene as internal standard. A smooth curve 
(graph 7) was obtained for the rate olformation. 
Benzene at its boiling point. N-nitrosoacetanilide (0. 82 
g, 5 mmol), held above the surface of benzene (50 ml) at its boiling. 
point, was dropped in and the volume of nitrogen evolved was observed. 
An extremely vigorous reaction ensued, and, within 3 mm, 109 ml of 
nitrogen (98% of expected) had been evolved. It was impossible to 
follow the reaction to obtain a rate-constant. 
77. 
Table 10 
Investigation of the decomposition of N-nitrosoacetanilide in the 
presence of various addenda 
CHN(NO)COCH 	
x 
6 5 	 3 
C 6 H6, 41° > 
X 	 Yield of Biphenyl Yield of Adduct Rate-constant 
• rn/lOU m of 	rn/lOU rn of 	-1 	4 
sec xlO 
• nitrosoamide nitrosarnide 
- 56 - 	 12.8 
Anthracene 30.7 4 	 11.6 
9,10-Dirnethoxy- 29 3.2 	 11.9 
anthracene 
Tetracyclone 4 65 	 10.5 
Water lOm/lOOm 56 11. 1 
Water 500m/ lOOm 44 9.9 
10. KINETIC INVESTIGATION OF THE DECOMPOSITIONS OF 
N-NITROSOACY LARY LAMIN ES IN BEN ZENE. 
A. General method. The N-nitrosoacylarylarnine (5 mmol) 
was added to benzene (50 ml) at 41
0
. The volume of nitrogen liberated 
was measured at intervals (Vt) and after 10 h (Va,). A plot of log 
V /(V-Vt) vs time (t) (graph 8) indicated that the decompositions 
obeyed first-order kinetics (table 11). 
Chromatography of the reaction mixtures on alumina eluting 
with petroleum yielded the substituted biphenyls which were charac-
tensed by comparison of i. r. and n. m. r. spectra with those of 
authentic samples. The following were treated in this manner: 
2-bromo-; 3-bromo-; 4-bromo-; 4-methoxy-N- nitrosoacetanilide, 
(table 11). 
B. 3-Bromo-4'-chloro-N-nitrosobenzanilide (1. 35 g, 4 mmol) 
78. 
was allowed to drop into benzene (50 ml) at 410. A very fast evolution 
of nitrogen occurred for the first 10 min then the decomposition rate 
decreased rapidly (graph 9). The initial decomposition obeyed firs t-
order kinetics, rate-constant = 72 x 	sec ' . 
C. 4- Methoxy-N- nitro soac etanilide in the presence of 2, 5-
dimethylfuran. 4-MethoxyN-nitrosoacetaniljde (0.95 g, 5 mmol) was 
dropped into a solution of 2, 5-dimethylfuran (0. 98 g, 10 mmol) in 
benzene (50 ml) at 410. The volume of nitrogen liberated was recorded 
at intervals (Vt),  and after 10 h (V = 89 ml, 79 m/100 m of nitros-
amide). The decomposition obeyed first-order kinetics, rate-constant 
= 5. 73 x 10 	sec 
-1 
 (graph 8). 
Th1 11 
Decomposition of N- nitrosoacylàrylamines 
IN 
R C 
6 H 4 
 N(NO)R' Solvent 	 Rate- constant 
-1 	4 
sec xlO 
H GOGH 3 Benzene 12.8 
2-Br GOGH 3 Benzene 1.44 
3-Br GOGH3 Benzene 10.9 
4-Br GOGH 3 Benzene 12.2 
4-MeO GOGH 3 Benzene 8.35 
4-MeO GOGH3 Benzene/dimethyl- 5.73 
furan 
3-Br GOC 6H4C1 Benzene 72.1 
11. REACTIONS OF ACYLARYLAMINES WITH 4-CHLORO-
BENZOYL NITRITE IN BENZENE. 
A. General method. To a stirred solution of acylarylamine 
(5 mmol) and 2, 3,4, S-tetraphenylcyclopentadienone (5 mmol) in benzene 
79. 
(100 ml) at its boiling point was added 4-chlorobenzoyl nitrite (8. 5 
mmol) in benz ene (50 ml) over 1 h. After boiling under reflux for 
12 h, the volume was reduced to 20 ml, maleic anhydride (10 mmol) 
added and the solution boiled until the violet colour had disappeared 
(2 h). The reaction mixture was chromatographed on alumina (50 g). 
Elution with petroleum/ether (1:1) gave the biaryl and the substituted 
1, 2, 3, 4-tetraphenylnaphthalene. The products were characterised by 
comparison of their i. r. , n.m. r. and mass spectra with those of 
authentic samples. Solids gave the correct m. p. and mixed m. p. 
Isomer ratios for the t-butyl adduct and methoxy adduct were deter-
mined by 100 MHz n. m. r. spectros copy. 
Table 12 
Reactions of acylarylamines with 4-chlorobenzoyl nitrite in the 
pres ence of 2, 3, 4, 5- tetraphenylcyclopentadienone 
R C 
6 H 4 
 NH Ac 	Yield of Biphenyl 	Yield of Aryne 
m/100 m of 	 Adduct m/100 m of 
acylarylamine acylarylamine 
R 	 5-T.P.N. 	6-T.P.N. 
3-Br 4 27.8 
4-Br 33 5.3 
3-MeO 40 55 15 
3-NO 2 3 52 0 
3-Bu 5 8 32 
2,5-DiCl 18 4.2 
T.P.N. = 1,2, 3, 4- Tetraphenylnaphthalene 
B. 	Kinetic investigation of the reaction. To a stirred solu- 
tion of acetanilide (0. 67 g, 5 mmol) in benzene (45 ml) at its boiling 
point was added a solution of 4-chlorobenzoyl nitrite (1. 6 g, 8. 5 mmol) 
in benzene (8 ml) from a constant volume dropping funnel. The 
evolution of gas was extremely fast and, within 4 mm, 106 ml (95% of 
expected) of nitrogen had been evolved. 
GRAPH 1 
Ph NH2 + Ac20 * AmONO (C6 H 6 ) 
A 
04 	/ No aryne trap 	 / 
> 
/ 9)10-Dimethoxyanthrac.ene 	/ 
I' 
Anthracene / 
/ Tetracyctone / 
03  
/• 
/y 
O2 	 / 
0.1 
, / 
/•/ 
/ 
/ 
A 	/1 
/ A 
I 	/ 
A 
I.' /1 
t(mjns) 
20 	40 	60 	80 	100 	20 	40 > 
81. 
r'rArL.J ') 
I 
24 
tL 
12 
6 
20 	40 	60 	80 	100 	20 	40 
GRAPH 3 
'U) 
QZ 
oa. 
E 
1•5 
1 
Rate of formation of TPN 
in 
PhNH2-Ac20 *AmONO 	T/C 
05 
> 
t(mins) 
20 	40 	60 	80 	100 	20 	40 	
> 
: 
GRAPH 4 
CHN(NO)COCH 	in CcsH(41 ° ) 
20 
15 
1 •C 
10 	20 	30 	40 	50. 	60 	70 
w 
GRAPH 5. 
Decomposition ofC6H5N(NO)COCH3 (41
0
) in 
/ Benzene 
/ ,,• Benzene/Dimethytfuran 
1-5 2 /Benzene/Furan 
/ 
10 
0•5 
/. 	 t(mins) 
10 	20 	30 	40 	50 	60. 	70 
GRAPH 6 
Decomposition of C6H5N(NO)COCHy(410 )in 
/ Benz en e 
15co3l > Benzene/Water(trac),,/' 
,,.'Benzene/Water 
(ex c essV - - 
10 
05 
t(mins) 
10 	20 	30 	40 	50 	60 	70 
84 
1 	
GRAPH 7 
0 Q_ 
E 
12 
	
9 	
/7 	 Rate of formatiort of TPN 
/ 	 ,in 
6 	
C6H5N(N0)COCH3 	TC (c6H 6 41° ) 
3 
1(mi ns) > 
20 	40 	60 	80 	100 	20 	40 
GRIAPH.8 
Decomposition of 	MeOC6H4N(N0)COCH3 (41(') in: 
/Benzene 
15 	
/Benzene/DimethYfuran 
iIi 
05 
• 	 t(rnlns) 
10 	2030 	40 50 	60 	70 
1 • 
10 
o' 
GRAPH 9 
Decomposition of RC6H4N(NO)R' (C6H6, 41 ° ) 
Fail 
	 ral 
10 	20 	30 	40 	50 	60 	70 
RN 
II. INVESTIGATION OF METHODS OF GENERATING 1, 3-
BIDENTATE REACTIVE INTERMEDIATES. 
1. 	PREPARATION OF COMPOUNDS 
2- Bromo- 3-methylbenzyl bromide. A mixture of 2-bromo-
3-methyltoluene (19 7 g, 105 mmol), N-bromosuccinimide (8. 9 g, 50 
mmol) and dry carbon tetrachioride (60 ml) was boiled under reflux. 
Benzoyl peroxide (1 g, 4. 5 mmol) was added in portions. When an 
aliquot did not liberate iodine from acid potassium iodide solution (3 h) 
the cooled solution was filtered to remove the precipitated succinimide 
and the solvent evaporated. Distillation of the residue yielded unreacted 
2-bromo-3-methyltoluene and 2-bromo-3-methylbenzyl bromide (8. 2 
g, 31 mmol, 29. 4 %), b. p. 67-68
0
f0. 1 mm Hg. (Found: C, 36. 6; 
H, 2. 9. C 8H8 Br 2 requires C, 36.4; H, 3. 0%). 
2-Bromo-3-methylbenzyl cyanide. A mixture of sodium 
cyanide (3. 9 g, 80 mmol) and water (4 ml) was heated to dissolve most 
of the sodium cyanide. A solution of 2-bromo-3-methylbenzyl bromide 
(16. 3 g, 87 mmol) in ethanol (20 ml) was added over 30 mm. After 
boiling under reflux for 4 h, the cooled solution was added to water 
(250 ml) to dissolve the sodium bromide and any unreacted sodium 
cyanide. The aqueous solution was extracted with benzene (2 x 50 ml) 
and the organic extracts combined, dried (MgSO 4 ) and evaporated to 
leave a yellow solid. Recrystallisation from ethanol yielded 2-bromo-
3-rnethylbenzyl cyanide (9. 9 g, 67 mmol, 77%), m. p.  93. 50 . 
I. r. (nujol): 	) max 2268 cm 1 (CN) 
(Found: C, 51.6; H, 3.8; N, 6.9. C 9 H8BrN requires C, 51.4; 
H, 3.8; N, 6 . 8 %). 
2-Bromo-3-methylphenylacetic acid. A stirred solution 
of 2-bromo-3-methylbenzyl cyanide (8 g, 38 mmol), water (10 nil), 
conc. sulphuric acid (10 ml) and acetic acid (10 ml) was boiled under 
M. 
reflux for 1. 5 h. The warm reaction mixture was added to ice-water 
(20 ml) and the white solid obtained was washed by decantation with 
warm water (3 x 50 ml). The precipitate was filtered and dried 
(P 205 /0. 1 mm Hg/600 ) to yield 2-bromo-3-methylphenylacetic acid 
(8.4 g, 38 mmol, 97%), m. p. 	 6 0 .  
I.r. (nujol): 	-' max 1695cm 	(C=O) 
(Found: C, 47. 2; H, 4. 1. C 9 H 10BrO 2 requires C, 47. 2; H, 3. 9%). 
Silver 2-br omo- 3- methyiphenylacetate. To a suspension 
of 2- bromo- 3- methylphenylacetic acid (2 g, 8.8. mmol) in water (20 ml) 
was added 7N ammonium hydroxide (1. 25 ml) and the solution stirred 
for 30 mm. Silver nitrate (1.49 g, 8.8 mmol) was added slowly to the 
filtered solution and the solution stirred vigorously in the dark for 1 h. 
The resulting precipitate of silver 2-bromo- 3- methylphenylacetate 
(2.5 g, 7.8 mmol, 89%)  was dried (P 205 /0. 1 mm Hg/80 0 ). 
(Found: C, 31.5; H, 2.4. C 9 H8Ag Br0 2 requires C, 32.1; H, 2 . 4 %). 
Sodium 2-bromo-3-methylphenylacetate. To a solution 
of sodium carbonate (0. 36 g, 4. 37 mmol) in water (20 ml) was added 
2-bromo-3-methylphenylacetic acid (2 g, 8. 74 mmol) and then a small 
portion until no more acid dissolved. The solution was filtered, 
evaporated to dryness and the residue of sodium- 2-bromo- 3-methyl-
phenylacetate (2. 1 g 9 7 %) dried (P 2 05 /0. 1 mm Hg/60
0
). 
I.r. (nujol): V max 1653 cm 	(C0). 
(Found: C, 42. 9; H, 3.2. C 9 H8Br Na0 2 requires C, 43. 1; H, 3. 2 %). 
2- Bromo- 3- methylphenylacetyl chloride. 2- Bromo- 3-
methyiphenylacetic acid (2.8 g, 12 mmol) and thionyl chloride (2.8 g, 
24 mmoi) were heated together on a water-bath for 4 h. The excess 
thionyl chloride was distilled (760 mm Hg) and the residue distilled to 
give 2-bromo-3-methylphenylacetyl chloride (1.5 g, 47 %), b. p. 
104-5
0
/1. 2 mm Hg. 
I. r. (thin film): v max 1793 cm 	(C =0). 
N. m. r. (CDC1 3 ): T 2.5 (complex, 3H, aromatic), 6 (, 2H, benzyl), 
7. 5 Ls, 3H, methyl). 
t.-Butyl 2-bromo-3-methylphenylacetate. To a stirred 
solution of t-butanol (0. 6 g, 8 mmol), dimethylaniline (0. 98 g, 8 mmol) 
and ethyl ether (3 ml), was added 2-bromo-.3-methylphenylacetyl 
chloride (2 g, 8 mmol) in ethyl ether (3 ml) and the solution heated on 
a water bath for 2 h. After standing overnight at 18 0 , the solution was 
stirred with water (10 ml) to dissolve the dimethylaniline hydrochloride, 
and the yellow ethereal layer separated and washed with 10% sulphuric 
acid until the washings remained clear on the addition of alkali. After 
drying (MgSO4 ), the ether was evaporated to leave a yellow oil which 
was distilled to give t-butyl 2-bromo-3-methylphenylacetate (2 g, 5.6 
mmol, 70%), h.p. 140- 150° /2 mm Hg. 
I. r. (thin film): V max 1732, 1736 cm 	(C =0) 
N. m. r. (CJJC1 3 ): T 2. 9 (broad singlet, 3H, aromatic), 6. 3 (, 2H, 
benzyl), 7. 58 (, 3H, methyl), 8. 54 (, 9H, t-butyl). 
(Found: C, 54. 9; H, 6. 1. C 13H 17 BrO2 requires C, 54. 8; H, 6. 0%). 
Ethyl 2-bromo- 3- methylphenylac etate. 2- Bromo- 3-
methylphenylacetic acid (60 g, 0. 26 mol) and conc. sulphuric acid (3 ml) 
in ethanol (100 ml) were boiled under reflux for 18 h. Most of the 
ethanol was distilled off and the residue taken up in ether (150 ml). 
The ethereal layer was washed with 10% sodium hydroxide (2 x 20 ml) 
and then dried (MgSO4 ). The ether was removed under vacuum and 
the residue distilled to yield ethyl 2-hromo-3-methylphenylacetate (58 
g, 0. 22 mol, 88%),  b. p.  108- 110
0
/1 mm Hg. 
r. (thin film): V 
max 
 1730 cm 
1 
 (C =0). 
N. m. r. (CDC1 3 ): T 2. 87 (, 3H, aromatic), 5. 6-6. 05 (, 2H, ethyl), 
6. 2 (, 2H, benzyl), 7.6 (, 3H, methyl), 8. 6-8. 95 Lt, 3H, ethyl); 
(Found: C, 51. 2; H, 5. 1. C 1 H 13Br02  requires C, 51.4; H, 5. 1%). 
I. Diethyl 2-bromo-3-methylphenylmalonate. To 720 ml of 
a 0. 17 M ether solution of sodium triphenylmethyl, Ph 3 C Na+, (0. 12 
mol), was added dimethoxyethane (200 ml). The ether was distilled, 
and ethyl 2-bromo-3-methylphenylacetate (30 g, 0. 12 mol) in dimethoxy-
ethane (150 ml) was added. After the solution had been stirred for 30 
mm, diethyl carbonate (30 g, 0. 25 mol) was added and the reaction 
boiled under reflux for 2 days. Water (100 ml) was added and the 
mixture stirred for 30 mm. The organic components were extracted 
with ether (2 x 100 ml). After drying (MgSO4 ) the ether was removed 
and the residue (45 g) was chromatographed on alumina (150 x 6 cm) 
eluting with petroleum/benzene (6:1) to give triphenylmethane and 
diethyl 2-bromo- 3- methyiphenylmalonate (24 g). Distillation yielded 
the pure ester (18 g, 0. 06 mol, 47%),  b. p. 130
0
/0. 05 mm Hg. 
I. r. (nujol): V max 1740, 1760 cm 	(C=Q). 
N. m. r. (CDC1 3 ): T 2. 9 (complex, 3H, aromatic), 4. 8 (, JH, 
C-H), 5. 7-6. 1 (a. 4H, ethyl), 7. 7 (, 3H, methyl), 8.7-9. 0 (t, 6H, 
ethyl). 
(Found: C, 51 -. 2; H, 5.2. C 14H 17 BrO4 requires C, 50.9; H, 5.0%). 
J. Ethyl 2-(2-bromo-3-methylphenyl)-butyrate. To a solution 
of sodium (0. 210 g, 9. 1 mmol) in super-dry ethanol (9 ml) was added 
diethyl 2-bromo-3-methylphenylmalonate (3 g, 9. 1 mmol) in ethanol 
(3 ml). The solution was stirred for 30 min and ethyl bromide (4 g, 
37 mmol) was dripped in over 10 mm. After boiling under reflux for 
2 h, as much ethanol as possible was distilled and the residue shaken 
with water (2 x 10 ml). The organic material was extracted with ether 
(2 x 20 ml) and the ethereal layer dried (MgSO 4 ). The ether was 
evaporated and n. m. r. spectrum of the residue indicated that more than 
80% of the diethyl 2-bromo-3-methylphenylmalonate had been consumed. 
Distillation yielded diethyl 2- (2- bromo- 3- methyiphenyl)- 2- ethylmalonate 
(2 g), b. p.  100- 114 0 /0. 03 mm Hg. 
To di ethyl 2- (2-bromo-. 3-. methylphenyl)- 2- ethylmalonate (2 g, 
0. 56 mmol) was added potassium hydroxide (1. 2 g) in water (2 ml) and 
the reaction boiled under reflux for 3 h. The reaction was then dis-
tilled until the still-head temperature reached 100
0 
 (to remove the 
90• 
ethanol formed) and a solution of conc. sulphuric acid (1 ml) in 
water (2 ml) was added. After boiling under reflux for 4 h, the 
reaction was cooled and extracted with benzene (3 x 5 ml). The 
benzene solution was dried (MgSO4 ) and the solvent evaporated to 
leave 2-(2.-bromo-3-methylphenyl)-butyric acid (1. 5 g), m. p.  105- 
1070 . 
2-(2.-Bromo-3-methylphenyl)-butyric acid (2 g) and boron 
trifluo ride/ ether (2 g) in dry ethanol (20 ml) were boiled under reflux 
for 20 h. The ethanol was removed under vacuum and the residue 
distilled to give an oil (1 g), b. p.  92
0 
 /0. 03 mmHg, which was found 
by g. 1. c. (2% APL, 165) to contain two components; the major 
component having the longer retention time. Preparative g. 1. c. 
(5% APL, 15' 200 ° ) yielded ethyl 2- (2-bromo- 3-methylphenyl)-butyrate 
(300 mgm, 1.04 mmol). Overall yield, 11. 5%. G. 1. c. indicated 
that the ester was >99% pure. 
I. r. (thin film): 	max 1720 cm 
1 
 (C =0). 
N.m. r. (CDC1 3 ): T 2.7-2.9 (complex, 3H, aromatic), 5.6-6. 1 
(superimposed quartet and triplet, 3H), 7. 6 (, 3H, aromatic methyl), 
7. 8-8.4 (complex, 2H), 8.6-9. 3 (two superimposed triplets, 6H, 
aliphatic methyls). 
Mass spec: m/e; 286/284 (C 13H 7BrO 2); 213/211 (C 10 H 12Br); 
205 (C 13H 17 02); 183/181 (C 8 H8 Br). 
(Found: C, 54.5; H, 5. 8. C 13H 17 BrO 2 requires C, 54. 7; H, 
6 .0%). 
Bromodurene. Durene was brominated by the method of 
Smith and Moyle, 
124 
 and recrystallised from ethanol, m. p.  60. 50 
(lit., 60. 5° ) in a 70% yield. 
Isomeric bromotrimethylbenzyl bromides. Bromodurene 
was brominated by N-bromosuccinimide by the method of Hall 
68 
 in a 
60% yield. N. m. r. was consistent with the formula. 
91. 
M. Isomeric bromotrimethylbenzyl t-butyl ethers. Isomeric 
bromotrimethylbenzyl bromide (1 g, 3. 5 rnmol), potassium t-butoxide 
(1 g, 8. 1 mmol) and chlorobenzene (20 ml) were boiled under reflux 
for 2 h. G.l. c. (1% SE 30, 145
0
) coupled to a mass-spectrometer 
showed the presence of two compounds of molecular weight 286/284, 
with the peak intensities suggesting that bromine was present in the 
molecules. The reaction mixture was chromatographed on alumina, 
activity II (100 g), and two fractions were obtained on elution with 
petroleum! ether (5:1): (a) isomeric bromotrimethylbenzyl t-butyl 
ethers (0. 059 g), m. p.  70-75
0 
. 
N. m. r. (CDC1 3 ) 100 MHz: T 2.74 (, 1H, aromatic), 288 (, JH, 
aromatic), 5.35 (, 2H, benzyl), 5.60 (s, 2H, benzyl), 7.4-7.7 
(complex, 18H, methyl), 8.68 (, 18H, t-butyl). 
Mass spec: m/e 286/284 (C 14H 21 BrO), 205 (C 14H 21 0). 
(Found: C, 58.9; H, 7.4. C 14H 21 BrO requires C, 59. 1; H, 7 . 4 %). 
(b) Oily solid containing, by g. 1. c., 95% of isomeric bromotrimethyl-
benzyl t-butyl ethers, 0.46 g. 
2. 	THERMAL DECOMPOSITION OF SALTS OF 2-BROMO- 
3- METHYLPHENYLACETIC ACID. 
A. Pyrolysis of the silver salt. Silver 2-bromo- 3-methyl-
phenylacetate (0. 713 g, 2. 1 mmol) was placed in a sublimation apparatus 
(0. 05 mmHg) and the temperature slowly raised. At 150 0 the salt 
began to blacken and at 200
0 
 a white crystalline solid and a yellow oil 
co-sublimated. After 3 h at 200
0
, the block temperature was raised 
to 250
0 
 for 30 mm. The white solid was extracted with hot water (50 
ml) which on cooling gave 2-bromo-3-methylphenylacetic acid (0. 323 g, 
1.42 mmol, 67. 5 m/100 m), m. p. and mixed m. p. 11w. I. r. spectrum 
agreed with that of an authentic sample. 
T. 1. c. (alumina) and g. 1. c. (2% NPGS, 180 0 ) of the yellow oil 
(0. 021 g) indicated that it contained many high boiling compounds which 
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could not be identified. 
Pyrolysis of the sodium salt. Sodium 2-bromo-3-. 
methylphenylacetate (0. 5 g,2 mmol) was placed in a sublimation 
apparatus (0. 05 mmHg) and the temperature slowly raised. Decom-
position started at 2200  and a red oil (0. 08 g) sublimed. C. 1. c. 
(2% NPGS, 1800)  and t. 1. c. (silica) showed that this oil contained six 
minor and one major components. Chromatography of this oil on 
silica (10 g), eluting with benzene gave the major component (0. 026 g) 
which could not be identified. 
N.m. r. (CDC1 3 ): T 2.5-3.0 (broad, 2H), 7. 2-7.5 (broad, 2H), 
8. 5-8. 8 (broad, 1H). 
(Found: C, 43; H, 8 .5%.) 
Pyrolysis of the silver salt in various organic solvents. 
2-Bromo-3-methyltoluene (b. p.  2060 ). Silver 2-bromo-
3-methyiphenyl acetate (0.5 g, 1.49 mmol) and 2-bromo-3-methyltoluene 
were boiled under reflux for 30 min and a sample withdrawn. The 
heating was continued for 2 days. There was no gas evolution and 
g. 1. c. analysis (2% NPGS 90 
0 
 programmed to 220 
0 
 at 16 
0
1mm) of 
the reaction mixture after 30 min and 2 days showed that only 2-bromo-
3-methyltoluene was present. 
Dodecane (b. p.  2160 ). A similar experiment to (i) was 
carried out and examination of the reaction mixture indicated that no 
decomposition had occurred. 
Dimethylsuiphoxide (b. p.  1920 ). Silver 2-bromo- 3-
methyiphenylacetate (0. 5 g, 1. 5 mmol) and dimethylsuiphoxide (20 ml) 
were boiled under reflux for 2 days. No gas evolution occurred. The 
black reaction mixture was examined by g. 1. c. (2% NPGS, 92 0  pro-
grammed to 216
0 
 at 16
0
/mm) and only trace products (approx. 0. 2%) 
were detected. 
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3. 	ATTEMPTED DECARBOXYLATION OF 2-BROMO-3- 
METHYLPHENYL ACETIC ACID. 
With copper chromite/quinoline. 2-Bromo- 3-methyl-. 
phenylacetic acid (0. 75 g, 3. 18 mmol), quinoline (5 ml) and copper 
chromite 0. 065 g) were boiled under reflux under nitrogen for 1 h. 
No gas was evolved and the dark brown solution was washed with 10% 
hydrochloric acid to remove the quinoline. The organic material was 
extracted into ether and examined by g. 1. c. (2% NPGS, 92
0 
 programmed 
to 216° at 16
0
/mm). Only trace products (approx. 0. 2%)  with long 
retention times were observed. 
With soda-lime. 2- Bromo- 3-methyiphenylac etic acid (1 
g, 4. 25 mmol) and soda-lime (6 g) were ground together, placedin a 
pyrex tube and covered with additional soda-lime (3 g). The sample 
was heated carefully to red-heat and the brown fumes given off were 
bubbled through water. The water was extracted with ether (2 x 20 
ml). The black reaction mixture was shaken with ether (2 x 20 ml) 
and all the ether fractions combined and examined by g. 1. c. (2% NPGS, 
0 programmed to 2160  at 16° 92 	 /mm) for compounds such as toluene, 
3-methyltoluene, 2-bromo- 3-methyltoluene. None of these compounds 
was found to be present. The ether was evaporated to yield a tarry 
residue (0.03 g). Most of the acid appeared to have .been converted to 
carbon. 
Pyrolysis of the t-butyl ester. t-Butyl 2-bromo-3-
methyiphenylacetate (1 g, 3. 6 mmol) and t-butylbenzene (20 ml) were 
boiled under reflux for 6 h and the solution allowed to stand at -30
0 
 
for 12 h. The white crystals (0. 23 g) formed were filtered, dried and 
recrystallised from hot water to give 2-bromo-3-methylphenylacetic 
acid (1. 3 rnmol, 50 m/100 m of ester), m. p. and mixed m. p.  1150 . 
The i. r. spectrum agreed with that of an authentic sample. 
The t-butylbenzene was removed by distillation from the filtrate 
and t. 1. c. (alumina) and g. 1. c. (2% CAR, 100 0 ) on the residue indicated 
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2 major components. Preparative g. 1. c. (10% CAR, 15', 1300) 
allowed the two components to be separated into (a) 1, 3-di-t-butyl-
benzene (0. 095 g, 14 rn/lOOm of acetate); (b) 1,4-di-t-butylbenzene 
(0. 11 g, 16 rn/lOOm of acetate). Both were confirmed by i. r., n.m. r. 
and mass spectral comparison with authentic samples. None of the 
other products (less than 1%) were identified. 
In a similar experiment, nitrogen was blown over the boiling 
solution and then bubbled into a solution of bromine in carbon tetra-
chloride. G. l c. of the solution indicated that no 1 1 2-dibromo-2-
methyipropane had been formed. 
4. 	T.HERMAL DECOMPOSITION OF SODIUM DIETI-TYL 
2-BROMO- 3- METHYLPHENYLMALONATE IN: 
A. Decalin. To a solution of sodium (0. 07 g, 3. 04 rnmol) in 
ethanol (10 ml) was added diethyl 2-bromo-3-methylphenylmalonate 
(1 g, 3. 04 rnmol) and the solution boiled under reflux for 2 h. The 
ethanol was then removed by distillation and the residual sodium salt 
maintained under high vacuum for 4 h. Decalin (40 ml) was added and 
the solution boiled under reflux for 40 h. The decalin was removed 
under vacuum (b. p. 29 0 f 0. 1 mmHg) and the residue was treated with 
dilute nitric acid (10 ml) to remove any inorganic salts and the organic 
material was extracted into ether (2 x 20 ml). Silver nitrate was 
added to the aqueous portion and a precipitate of silver bromide (0.41 
g, 72m/ lOOm of malonate) was obtained. The ethereal layer was 
dried (MgSO4 ), the ether evaporated at reduced pressure and the 
residue distilled to yield a brown oil (0. 2 g), b. p. 1000/0. 04 mmHg. 
The oil-bath temperature was raised to 230
0
f0. 04 mrnHg but no more 
material distilled. G. 1. c. (1% SIL, 180 0 ) indicated two major corn-
ponents in the oil. Retention times and peak enhancement (i% SIL, 
150°, 1800; 2% NPGS 1600,  190
0
) confi rrned that the component with 
shorter retention time was ethyl 2-bromo-3-methylphenylacetate. The 
second component was identified by g. 1. c. /mass-spec. (2% SE 30, 180°) 
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as ethyl 2-(2-bromo-3-methylphenyl)-butyrate by comparison of its 
cracking pattern with that of an authentic sample. Retention time 
and peak enhancement (2% NPGS, 1800, 160 0 ) also confirmed the 
product. 
Quantitative analysis (D6, 2% NPGS, 180
0
) of the oil indicated 
that it contained ethyl 2-bromo-3-methylphenylacetate (0. 35 mmol, 11. Sm/ 
lOOm of the sodium salt) and ethyl 2-(2-bromo-3-methylphenyl)- 
butyrate (0. 25 mmol, 8. 2 m/ 100 m of the sodium salt). 
B. Dodecane. Using the method of A, the sodium salt (3. 04 
mmol) was boiled under reflux in dodecane for 2 days. The dodecane 
was removed under vacuum, the residue treated with dilute nitric acid, 
to remove any inorganic salts, and the organic material extracted with 
ether. Silver nitrate was added to the aqueous portion and a precipitate 
of silver bromide (0. 39 g, 66m/100m of sodium salt) was obtained. 
The ethereal layer was dried (MgSO 4 ), the ether evaporated at reduced 
pressure and the residue distilled to give an oil (0. 18 g), b. p. 1000/ 
0. 03 mmHg. G. 1. c. analysis (1% SIL, 150
0
, 180
0
; 2% NPGS, 180 0 , 
200
0
) with retention times agreeing with those of authentic samples and 
peak enhancement with authentic samples, and quantitative g. 1. c. (D6, 
2% NPGS, 180
0
) with anthracene as internal standard indicated that 
the oil contained (a) ethyl 2-bromo-3-meth'ylphenylacetate (13. 2m/100rn 
of sodium salt); (b) ethyl 2-(2-bromo-3-rnethylphenyl)-butyrate (7.2 
rn/lOOm of sodium salt). 
5. 	REACTION OF BROMODURENE AND POTASSIUM 
t- B UTOXIDE 
A. At 2350 Bromodurene (4 g, 18. 8 mmol) and potassium 
t-butoxide (0. 8 g, 6. 6 mmol) were allowed to react for 10 h in a flask, 
which was imm ersed in a vapour-bath at 2350.  A slow stream of dry 
nitrogen was passed over the reaction to remove the t-butanol formed, 
which was collected in a liquid-air trap and identified by g. 1. c. 
US 
(retention time and peak enhancement, 2% NPGS, 85 0 ) and by corn-
parison of the i. r. spectrum with that of an authentic sample. The 
black charred reaction mixture was dissolved in chloroform (10 ml) 
and examined by g. 1. c. (1% SE 30, 1700  for 4 min then programmed 
to 2500 at 12
0
/mm; 2% NPGS, 1400  for 5 min then programmed to 
235
0 
 at 16
0
/mm). The following compounds (i)-(vi) were identified 
by comparison of their retention times with those of authentic samples: 
(i) durene, (ii) bromodurene, (iii) 2,4, 5, 2 1 , 4, 5'-hexamethylbibenzyl, 
(iv) bromo- 2,4,5, 2',4', 5-hexamethylbibenzyl, (v) dibromo- 2,4,5, 2 1 ,4 1 , 5 1 -
hexamethylbibenz'yl, (vi) isomer of (v). G. 1. c. (1% SE 30, 175 0 
 
programmed to 2350  at 16
0
/mm) coupled to a mass-spectrometer gave 
identical cracking patterns to the authentics of compounds (i)-(vi). 
In the presence of isomeric bromotrirnethylbenzyl bromides. 
Bromodurene (2 g, 9.4 mmol), bromotrimethylbenzy]. bromide (2 g, 
9.4 mmol) and potassium t-butoxide (0. 8 g, 6. 6 mmol) were allowed 
to react as in the previous experiment. t-Butanol was characterised 
in the same .way. The reaction mixture was examined by g. 1. c. (1% 
SE 30, 170
0 
 for 4 min then programmed to 235
0 
 at 16
0
/mm) and the 
following compounds (i)- (vii) identified by comparison of their retention 
times with those of authentic samples: (i) durene, (ii) bromodurene, 
(iii) bron-iotrimethylbenzyl bromide (iv) 2,4, 5, 2 1 ,4', 5'-hexamethyl-
bibenzyl, (v) bromo- 2,4,5, 2',4', 5'-hexamethylbibenzyl, (vi) dibromo-
2,4, 5 1 , 2',4', 5-hexamethylbibenzyl and (vii) isomer of (vi). G. 1. c. 
(1% SE 30, 1750 programmed to 235 0 at 160 /mm) coupled to a mass-
spectrometer gave identical cracking patterns to the authentics of 
compounds (i)- (vii). Detailed investigation revealed that no isomeric 
bromotrimethylbenzy]. t-butyl ethers were present (more than 0. 1 m/ 
lOOm would have been detected). 
In the presence of isomeric bromotrimethylbenzyl bromides 
and isomeric bromotrimethylbenzyl t-butyl ethers. Bromodurene (1 g, 
4. 7 mmol), bromotrimethylbenzyl bromide (1 g, 3. 5 mmol), bromo- 
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trimethylbenzyl t-butyl ether (0. 1 g, 0. 35 mmol) and potassium t-
butoxide (0. 4 g, 3. 3 mmol) were allowed to react as in B. G. 1. c. 
and g. 1. c. /mass-spectrometer analyses, using conditions identical 
to the previous experiment showed the same products as the previous 
experiment. No trace of the isomeric bromotrimethylbenzyl t-butyl 
ethers could be detected. 
6. 	THERMAL STABILITY OF THE ISOMERIC BROMO- 
TRIMETHYLBENZYL t-BUTYL ETHERS. 
In the presence of bromodurene and bromotrimethyl-
benz'yl bromide. Bromodurene (1 g, 4. 7 mmol), isomeric bromotrimethyl-
benzyl bromide (1 g, 3. 5 mmol) and bromotrimethylbenzyl t-butyl ether 
(0. 1 g, 0. 345 mmol) were heated at 235 0 for 10 h. G. 1. c. (1% SE 30, 
145
0 
 programmed to 235
0 
 at 160 /mm) indicated only bromodurene and 
isomeric bromotrimethylbenzyl bromides. No isomeric ethers could 
be detected. Decomposition products such as bibenzyls or bromobi-
benzyls were not present. 
In the presence of bromodurene. Bromodurene (1 g, 4. 7 
mmol) and isomeric bromotrimethylbenzyl t-butyl ether (0. 1 g, 0. 35 
mmol) were heated at 235
0 
 for 10 h. G. 1. c. of the reaction mixture 
(1% SE 30, 145
0 
 programmed to 235
0 
 at 10
0 
 1mm) showed bromodurene 
and several minor more volatile compounds, approx. 1 m/100 m of 
bromodurene. No isomeric bromotrimethylbenz'yl t-butyl ethers or 
compounds corresponding to hexamethylbibenzyls or brominated hexa-
methylbibenzyls could be detected. 
ME 
III A TTEMPTED GENERATION OF BIDEN TATE REACTIVE 
INTERMEDIATES VIA DEHALOGENATION WITH BIS-
(TRIMETHYL SILYL)MERCURY. 
PREPARATION OF BIS(TRIMETHYLSILYL)MERCtJRY. 
Chlorotrimethylsilane (21. 6 g, 0. 3 mol) in oxygen free, dry 
pentane (200 ml) was shaken in the dark in a flask, with greaseless 
taps, over 1% sodium amalgam (400 g) for 10 days. The yellow 
solution was decanted from the amalgam which was then washed with 
pentane (2 x 100 ml). To estimate the quantity of bis(trimethylsilyl)-
mercury in the solution, an aliquot (20 ml) was withdrawn and the 
mercurial hydrolysed with water to liberate mercury (0. 52 g). This 
indicated that the solution contained bis(trimethylsilyl)mercury (51 m/ 
100 m of chiorotrimethylsilane). Solutions of the mercurial were 
handled in a dry box under nitrogen. 
REACTIONS OF BIS(TRIMETHYLSILYL)MERCURY WITH: 
A. Stilbene dibromide. To a stirred solution of stilbene 
dibromide (0.5 g, 1.47 mmol) in dry benzene (50 ml) in the dark was 
added bis(trimethylsilyl)mercury (2. 1 mmol) in pentane (15 ml). A 
dark grey colour appeared instantly and after 30 mm, a clear solution, 
with a drop of mercury (0.43 g, 2. 1 rnmol) at the bottom, remained. 
The reaction mixture was poured into 10% hydrochloric acid to 
hydrolyse any silyl compounds and the organic products were extracted 
into ether, the solution dried (MgSO4 ) and evaporated to yield a pale 
yellow solid (0. 24 g). Recrystallisation from ethanol gave trans-
stilbene m. p. and mixed m. p.  123-4
0
, lit., 
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 124
0
, (91 m/100 m of 
dibromide). The product was confirmed by g. 1. c. (2% NPGS, 18 5 ° , 
1600) retention time and peak enhancement with an authentic sample. 
B. 2-Iodobenzyl bromide. A solution of 2-iodobenzyl bromide 
(4. 3 g, 14. 5 mmol) and bis(trimethylsilyl)mercury (14. 5 mmol) in 
pentane were refluxed in the dark under nitrogen for 4 days. The 
reaction mixture was washed with 10% hydrochloric acid (50 ml) and 
water (20 ml), the organic layer dried (MgSO 4 ) and the volume reduced 
to 10 ml. When the solution was cooled in ice, white crystals (50 mg) 
were deposited. G. l..c. (2% APL, 1500)  of the solution indicated that 
only traces of 2-iodobenzyl bromide remained along with one major 
product. Chromatography of the reaction mixture on alumina (150 g), 
eluting with petroleum, yielded iodotoluene (1.47 g, 56.5 m/100 m of 
benzyl bromide) which was characterised by comparison of the i. r. and 
n.m. r. spectra with an authentic sample. The mass spectrum of the 
crystals suggested the following structure:- 2- iodobenzyl mercuric 
iodide. 
m/e : 548-542 (C 7 H6 HgI 2), 421-415 (C 7H6HgI), 344 (CH6 1 2 ), 
254 (I) 217 (C 7 H61), 204-198 (Hg). 
The peaks spread over 7 mass units showed the typical mercury isotope 
distribution. 126 
1, 2-Di-iodobenzene. A pentane solution (15 ml) of 
bis(trimethylsilyl)mercury (1. 5 mmol) was evaporated to leave the 
yellow mercurial as an irrides cent solid. A solution of 1, 2-di-iodo-
benzene (0.48 g, 1.5 mmol) and anthracene (1.5 g, 8.4 mmol) in decalin 
(20 ml) was added to the solid and the reaction stirred under nitrogen 
in the dark at 140
0 
 for 10 h. Mercury (. 25 g, 82 m/100 m of mercurial) 
was liberated and the faintly yellow solution was examined by g. 1. c. 
(2% APL, 1920 ) but no triptycene was detected (>0. 2% would have been 
observed). Quantitative g. 1. C. (D6, 2% APL, 140 0 ) with dibenzyl as 
internal standard indicated that 1, 2- di- iodobenzene (6.5 m/ lOOm of 
starting material) remained. 
1, 3-Di-iodobenzene. To 1, 3-di-iodobenzene (1 g, 3. 01 mmol) 
in benzene (120 ml) was added bis(trimethylsilyl)mercury (1. 5 mmol) in 
pentane (10 ml). The solution was stirred for 3 h and then a sample (10 
100• 
ml) was withdrawn for g. 1. c. analysis (I). A farther addition of bis-
(trimethylsilyl)mercury (i. 5 mmol) was made and the solution stirred 
for 12 h. Another sample (10 ml) was withdrawn (II). A final 
addition of bis(trimethylsilyl)mercury was made and the solution stirred 
for 12 h. Sample III (10 ml) was withdrawn and the samples analysed 
by g. 1. c. (2% APL, 1200, 150 0, 2% NPGS, 140
0
, 160
0
) by comparison 
of the retention times with authentic samples. The following compounds 
were proved to be present: (a) iodobenzene, (b) 3-iodobiphenyl, (c) 
biphenyl and (d) trace of rn-terphenyl (approx. 0. 5 m/100 mol of 
diphenyl). Quantitative measurements (D6, 2% APL, 160 0 ) using 
naphthalene as internal standard are listed in table 13. 
Table 13 
Product analysis at intervals in the reaction of 1, 3-di-iodobenzene with 
bis (trimethylsiiyl)mercur y 
Product 
	
Sample I 	Sample II 	 Sample III 
Iodobenzene 	 24 	 14 	 1 
lodobiphenyl 	 15 	 8 	 2.2 
Biphenyl 	 5 	 15 	 23 
Chromatography of the reaction mixture on alumina (50 g) eluting with 
petroleum yielded: (a) iodobenzene (6 mg, 0. 98 rn/lOOm), g. 1. c. 
retention time agreed with authentic, (b) 1, 3-di-iodobenzene unreacted 
(0. 1 g, 10 rn/lOOm), (c) 3-iodobiphenyl (16 mgm, 1.92 rn/lOOm), 
g. 1. c. retention time agreed with authentic, (d) biphenyl (0. 106 g, 
23 rn/lOOm of 1, 3-di-iodobenzene), i. r. spectrum and g. 1. c. retention 
time compared with those of an authentic sample. 
E. 1, 4- Di- iodobenzene. An experiment with 1, 4- di- iodobenzene 
(1 g, 3.01 mmol) was carried out as in D. Analogous products were 
observed with the exception of-terphenyl which was not detected. The 
101. 
samples I, II, and III were analysed in the same way with the D. 6 
chromatograph using naphthalene as internal standard (see table 14): 
Table 14 
Product analysis at intervals in the reaction of 1,4-di-iodobenzene 
with bis(trirnethylsilyl)mercury 
Product 	 Sample I 	 Sample II 	 Sample III 
Iodobenzene 	20 	 11 	 3 
lodobiphenyl 	12 	 6 	 0 
Biphenyl 	 7 	 17 	 22 
Chromatography of the final reaction mixture on alu.mina (50 g), 
eluting with petroleum, yielded: (a) iodobenzene (25 mg, 3 rn/lOOm); 
i. r. spectrum and g. 1. c. retention time compared with those of an 
authentic sample. (b) biphenyl (0. 1 g, 22 m/100 m of 1, 4-di-iodo-
benzene), m.p. and mixed m. p. 710. 
F. Iodobenzene in benzene. To a stirred solution of iodo-
benzene (0.5 g, 2.4 nimol) in benzene (120 ml) was added bis(trimethyl-
sil'yl)mercury (1. 2 mmol) and the solution stirred for 3 h under nitrogen 
in the dark. A sample (10 ml) was withdrawn for g. 1. c. analysis N. 
More bis(trimethylsilyl)mercury (i. 2 mmol) was added and the 
rea ction stirred for 3 h. Sample II was withdrawn and both samples 
were analysed on the D. 6 chromatograph with naphthalene as internal 
standard. 
I 	 II 
Iodobenzene 	40 m/100 mol. 	 12 
Biphenyl 	 10 	 17 
Chromatography of the reaction mixture on alumina (50 g) eluting with 
petroleum yielded (a) iodobenzene (58 mg, 12 rn/lOOm of starting 
102 
iodobenzene); (b) biphenyl (46 mg, 16 m/100 m of iodobenzene), 
both samples being confirmed by comparison of their i. r. spectra 
and g. 1. c. retention times (2% APL, 2% NPGS) with those of 
authentic samples. 
Iodobenzene in petrol. To a solution of iodobenzene 
(0. 25 g, 1. 3 mmol) in dr'y petroleum (100 ml) was added an excess of 
bis(trimethylsil'yl)mercury (1. 2 g, 3.4 mmol). The solution was 
stirred in the dark for 12 h and examined by g. 1. c. (2% APL, 1500). 
No iodobenzene or biphenyl was present. The solution was reduced 
to small volume (2 ml) and the green crystals which precipitated were 
filtered (30 mgm). These crystals were insoluble in all common 
solvents and melted/sublimed at 230- 235
0
. A mass-spectral analysis 
suggested that they contained: (a) mercuric iodide, 20%, 
m/e 458-452, (b) phenyhnercuric iodide, 80%, m/e 408-402, 
(c) diphenylmercury, 1%, m/e 358-352. 
1, 3-Di-iodobenzene in t-butylbenzene. To a solution of 
1, 3-di-iodobenzene (0.64 g, 3.0 mmol) in t-butylbenzene (120 ml) was 
added bis(trimethylsilyl)mercury (4 mmol) in t-butylbenzene (10 ml). 
The solution was stirred in the dark, under nitrogen, 12 h. The 
solution was washed with 10% hydrochloric acid, water (20 ml) and 
then dried (MgSO4 ) and reduced to small volume (5 ml). A white 
crystalline material separated out, which could not be redis solved in 
any common organic solvent. The mass-spectral analysis suggested 
it consisted of a mixture of (a) phenylmercuric iodide (rn/c 408-402, 
Ph Hg I), (b) diphenylmercury (rn/c 358-352, Ph 21-Ig) and (c) 
mercuric iodide (458-452, Hg1 2). All three sets of parent ions 
showed the typical mercury isotope distribution. 125 
Chromatography of the reaction mixture on alumina (50 g), 
eluting with benzene yielded an oil (16 mg) containing o-, rn- and 
p-t-butylbiphenyl isomers; proved by g. 1. c. (2% APL, 130 0, 160
0
; 
2% NPGS, 1600, 1800 ) retention time and peak enhancement compared 
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with a mixture of o-, m- and-t-butylbiphenyl authentic samples. 
The isomer ratio was o- :rn-:p- = 1:2:1 (table15) 
Other aryl iodides in t-butylbenzene. 1 1 4-Di-iodobenzene 
and iodobenzene were treated exactly as in H and the same products 
were obtained (table 15). 
Table 15 
Reaction of aryl ioclides with bis(trimethylsil'yl)mercury in t-butylbenzene 
Aryl iodide 	Yield of t-butylbiphenyls 	Isomer ratio of o-, rn-, 
rn/lOOm of aryl iodide - t- butylb i ph enyl s 
1,3-Di-iodobenzene 	2.7 	 1 : 2: 1 
1,4-Di-iodobenzene 	3.6 	 1 : 2: 1 
Iodobenzene 	 2.8 	 1 : 2 : 1 
Bromobenzene. A solution of brornobenzene (1. 3 g, 8.4 
rnmol), bis(trirnethylsilyl)mercury (8. 5 mmol) and benzene (100 ml) 
were heated at 600  in the dark under nitrogen for 3 days. The yellow 
colour of the mercurial disappeared and a drop of mercury (1. 52 g, 
90 rn/lOOm of mercurial) remained. 
G. 1. c. (2% NPGS, 150 0 ,  1200; 10% APL, 1600, 1800) confirmed the 
presence of biphenyl and quantitative analysis (D. 6, 2% APL, 120 0 
 
using naphthalene as internal marker gave (a) bromobenzene (95 m/ 
lOOm of starting material); (b) biphenyl (2.7 m/100 m of brornobenzene). 
3-Bromobiphenyl. A solution of 3-bromobiphenyl (0. 5 g, 
2. 18 mmol), bis(trimethylsiiyl)mercury (3 mmol) and dry: benzene 
(100 ml) were boiled under reflux in the dark for 12 h. Mercury (0.6 
g, 3 mrnol) was liberated and examination of the solution by g. 1. c. (2% 
APL, 160° ) proved there was no biphenyl or rn-terphenyl present. 
104. 
Chromatography of the reaction mixture on alumina (20 g) eluting with 
benzene yielded a quantitative recovery of 3-bromobiphenyl. 
L. 1, 4-Dibromobenzene. A solution of 1, 4-dibromobenzene 
(1. 2 g, 5 nimol), bis(trimethylsilyl)mercury (5 mrnol) and benzene 
(120 ml) were boiled under reflux in the dark for 24 h. Mercury was 
liberated (0. 73 g, 3. 6 mmol) and the clear solution was washed with 
10% hydrochloric acid (20 ml) and then water (20 ml). The dried 
solution was reduced in volume to 10 ml and examined by g. 1. c. (2% 
NPGS, 150
0
, 130
0
; 2% APL, 130 0, 160° ). The following compounds 
were found to be present: (a) 1, 4-dibromobenzene, (b) bromobenzene, 
(c) trace biphenyl (approx. 1%), (d) trace 4-bromobiphenyl (approx. 1%); 
Chromatography of the reaction mixture on alumina (50 g), eluting with 
petroleum, (a) 1,4-dibromobenzene (0.96 g, 4.1 mmol, 82 rn/lOOm 
of starting material), (b) bromobenzene (0. 15 g, 9.6 rnmol, 19 m/100 
m of starting 1,4-clibromobenzene). 
3. 	REACTION OF BIS(TRIMETHYLSILYL)MERCURY WITH 
U.V. IRRADIATION WITH: 
A. 2-Iodobenzyl bromide. A solution of 2-iodobenzyl bromide 
(0. 37 g, 1. 25 mmol) and bis(trimethylsilyl)rnercury (1. 26 mmol) in dry 
petroleum was photolysed in a medium pressure reactor. After 1 h, 
g. 1. c. (2% APL, 180
0
) showed that there was still some 2-iodobenzyl 
bromide left. After 12 h the reaction mixture was washed with 10% 
hydrochloric acid and the organic products extracted with ether, which 
was then dried and reduced to small volume (5 ml). During the reac-
tion, the quartz filter of the photochemical reactor became coated in 
a red solid. 
G. 1. c. (2% APL, 180
0
) of the ethereal solution indicated that 
it contained none of the following: (a) 2-iodobenzyl bromide, (b) 
dibenzyl, (c) toluene or (d) iodotoluene. The major product was 
benzyl bromide (proved by g. 1. c. retention time and peak enhancement 
105-  
on 2% APL, 150
0
, 180
0 
 and 2% NPGS, 130
0 
 and 150
0
). Quantitative 
g. 1. c. using D. 6 chromatograph (2% APL 120 0 ) with naphthalene as 
internal standard gave benzyl bromide as 74 m/100 m of starting 
material. 
1, 3-Di-iodobenzene. A stirred solution of 1, 3-di-
iodobenzene (0. 6 g, 1. 82 mmol), bis(trimethylsilyl)mercury (1. 82 
mmol) and dry benzene (100 ml) was irradiated in a medium pressure 
ultraviolet photochemical reactor for 2 days. C. 1. c. examination 
(2% APL, 140 0 ) indicated that only a trace (<5%) of 1, 3-di-iodobenzene 
remained. The reaction mixture was washed with 10% hydrochloric 
acid and water. The benzene layer was dried (MgSO 4 ) and reduced 
in volume to 10 ml. C. 1. c. studies (retention times and peak enhance-
ment with authentics, 2% APL, 2% NPGS) proved that there were only 
three significant organic components, which were estimated by D. 6 
chromatography using naphthalene as internal standard: (a) iodobenzene 
(21 m/100 rn), (b) biphenyl (15 m/100 m), (c)m-terphenyl (11 m/100 m 
of starting material). 
1, 4-Di-iodobenzene. A solution of 1, 4-di-iodobenzene 
(i g, 3 mmol),bis(trimethylsilyl)mercury (3 mmol) and benzene (100 ml) 
was irradiated in a medium pressure ultraviolet photochemical reactor 
for 2 days. The greenish solution was washed with 10% hydrochloric 
acid and water and then dried. C. 1. c. examination (2% APL, 150 0 ) 
indicated 2 major components and a trace of-terphenyl (<1%). 
Chromatography of the reaction mixture on alumina, eluting with 
petroleum yielded: (a) iodobenzene (45 mg, 7.5 m/100 m), i. r. spec-
trum agreed with that of an authentic sample; and (b) biphenyl (55 mg, 
12 m/100 mol of 1, 4- di-iodobenzene), m. p.  70. 
5 0 , lit. 112 710. 
I. r. spectrum compared with that of an authentic sample. 
Elution with chloroform yielded yellow crystals (20 mgm), which 
did not redissolve in chloroform. Mass-spectral analysis suggested 
that this yellow solid was mercuric iodide, Hg 1 z; m/e : 458-452 
106. 
(Hg Ia);  331-325 (Hg I); 254 (12); 204-198 (mercury isotopes). 
1, 4-Dibromobenzene. A solution of 1, 4-dibromobenzene 
(0. 68 g, 3 mmol), bis(trimethy].si].yl)mercury (3 mmol) and dry benzene 
(120 ml) was irradiated in a medium pressure photochemical reactor. 
Almost immediately a greyish precipitate of mercury appeared and 
after 2 h the reaction was examined by g. 1. c. (2% APL 140 0 programmed 
to 2000 ). Traces of 4-bromobiphenyl and p-terphenyl (combined total 
approx. 1%) were found. Chromatography of the reaction mixture on 
alumina (50 g), eluting with benzene yielded 1, 4-dibromo benzene (0. 64 
0 112 	o g, 97 mmol), m. p. and mixed m. P. 87 , lit., 	87 
• 4. 	PHOTOCHEMICAL DECOMPOSITIONS. 
Bis(trimethylsilyl)mercury. A solution of bis(trimethyl-
silyl)mercury (1. 5 mmol) in dry pentane (100 ml) was irradiated in a 
medium pressure photochemical reactor. Within 30 min the solution 
had lost its yellow colour and mercury (0. 3 g, 95 m/100 mol) had been 
liberated. G. 1. c. (2% APL, 150 0 ) showed that the reaction mixture 
contained some volatile compounds with retention times corresponding 
to trimethylsilane, but much shorter than any of the organic products 
being produced in the reactions of bi s (trim ethyls ilyl)mercur y with aryl 
halides. 
2-Iodobenzyl bromide. A solution Of 2-iodobenzyl bromide 
(0.4 g, 1. 35 mmol) in dry pentane (120 ml) was irradiated in a medium 
pressure photochemical reactor for 12 hr. The purple solution was 
reduced in volume to 10 ml and examined by g. 1. c. (2% NPGS, 135 0 ). 
There was no 2-iodobenzyl bromide and the only significant product was 
benzylbromide (70 rn/lOOm of starting material). 
1, 3-Di-iodobenzene. A solution of 1, 3-di-iodobenzene 
(3 g, 9. 1 mrnol) in benzene (150 ml) was irradiated in a medium pressure 
ultraviolet reactor for 2 days. The benzene was evaporated and the 
107. 
reaction mixture chromatographed on silica (30 g). Elution with 
petroleum yielded the following products which were confirmed by 
g. 1. c. (2% NPGS, 130° , 1600 ; 2% APL, 1300 , 1600 ) retention time 
and peak enhancement with authentic samples: (a) 3-iodobiphenyl 
(0.55 g, 25 rn/lOOm) and (b) rn-terphenyl (56 mg, 3.4 rn/lOOm). 
Starting material (2. 7 g) accounted for the remainder. No biphenyl 
or iodotoluene was detected among the reaction products. 
1,4-Di-.iodobenzene. A similar reaction to B was 
carried out with 1, 4- di- iodobenzene. Chromatography of the reaction 
products on silica, eluting with benzene, yielded (a) 4-iodobiphenyl 
(6 rn/lOOm) and (b)-terphenyl (3m/100m). Starting material accounted 
for the rest. No biphenyl or iodotoluene was detected in the reaction 
mixture. 
1, 4-Dibromobenzene. A solution of 1, 4-dibromobenzene 
(0. 68 g, 2.9 mrnol) in benzene (100 ml) was irradiated in a medium 
pressure photochemical reactor. After 2 hr, g. 1. c. examination (2% 
APL, 14 0° ) indicated that the reaction products were less than 3% of 
the total organic material. After 4 days 90% of the starting material 
had disappeared and chromatography of the reaction on alumina (50 g) 
eluting with benzene yielded p-terphenyl (0.60 g, 89 m/100 m of starting 
material), m. p. and mixed m. p. 209
0 
 (lit., 112 2090). 
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109. 
I. 	KINETIC AND MECHANISTIC INVESTIGATIONS OF THE 
DEC OMPOSI TION OF N- NI TROSOACY LARY LAMIN ES AND 
RELATED SYSTEMS IN THE PRESENCE AND ABSENCE 
OF ARYNE TRAPS. 
The chemistry of the decomposition of N-nitrosoacylarylamines 
in solvents has been known for many years to be a complicated process 
involving several possible pathways. Until 1963 the decomposition was 
known to involve, in the rate determining step, a rearrangement to the 
trans dliazoester, which was in equilibrium with the diazonium ion 
pair. 48,49,50 Phenyl radicals were also believed to be involved in 
the decomposition, but acetoxyl radicals were not. No comprehensive 
reaction mechanism had been proposed which could account for all the 
observed products. Anomalies, such as the production of chlorobenzene 
from the decomposition of N- nitro soac etanilide in chloroform' 27 could 
not be explained. Even the production of acetic acid from the decom-
position of N-nitrosoacetanilide in benzene 45 could find no acceptable 
rationalisation until Rchard and Freudenberg 51  attempted a complete 
explanation. They suggested the same initial rate-determining step 
as Hey et al, followed by a cyclic process, involving the diazoanhydride 
(113) and the phenyldiazotate radical (58), to produce acetic acid and 
biph enyl. 
Subsequent refinements by Chalfont and Perkins 54 invoked a 
similar chain process, but employed a different chain carrying radical, 
(- phenylac etimido)phenyl nitroxide (PAPN) radical, which was intro-
duced to explain the e. s. r. observations. 
A more general scheme to explain the radical products was 
suggested by Cadogan, 
56
who proposed that the phenyl radicals from 
either the RLchard or the Perkins reactions could become the chain 
carriers in a simplified redox process. 
110. 
NO 
C6H5-t.J4c 	> C6H5-N=N.OAC 
11 
C 6 H 5 N 2 ACO 
O-N=N-C6H5 
C6H5.NZN-0.NNC6H 5 
AcOH 
Ac0 
HO-NN-C 6 H 5 
A 	(113) 
N \ C6H 	 •O-NN-C6H 5 
(58) 
hH p h0 
Ph2 
C6H 
A 
-1- CH6 O'H 
CGH5N 
Ph 	-• N 
	+ 	C6H 5  AcO >AcOH 
1- 
Ph2 
However, the discovery of the presence of aryne species in the 
decompo sition of o- t-butyl-N- nitrosoac etani1id 58 meant that another 
pathway, besides the radical pathway, existed for the decomposition. 
111. 
It was believed that this decomposition to yield the aryne was due 
solely to the bulky o-t-butyl group causing steric acceleration of the 
elimination of nitrogen from the diazonium cation, which was an 
accepted intermediate species in the decomposition of N-nitro.soacyl-
arylamines. However, the whole question of aryne participation in 
the decomposition of N-nitrosoacylarylamines had to be reconsidered 
when it was discovered that other substituted N-nitrosoacylarylamines, 
without bulky ortho substituents, and N-nitrosoacetanilide itself gave 
aryne adducts in the presence of arynophiles. 60,63 An interesting 
point was that, whereas authentic benzyne, from anthranilic acid and 
pentyl nitrite, and even 3-t-butylbenzyne gave an adduct with furan, 
the decomposition of N-nitrosoacetanilide and other substituted N-nitroso-. 
acylarylamines in the presence of furan did not yield any adduct, but 
only the radical product, 2-phenylfuran. 
N H 2 AmONO  >1 	> 
CO2H 	L) 
But 
N(NO)Ac 
I 	> 
B ut 	 But 
IIII 
1N(NO)Ac 
	
O 
This led to the idea that there must be some interaction between 
the furan and one of the reactive intermediates involved in the decom-
position of N-nitrosoacetanilide, which resulted in the diversion of that 
species from the pathway leading to aryne formation. Various experi-
ments suggested that it could be a Tr complex (1.14) between furan and 
the aryldiazonium cation, (before loss of nitrogen and a proton to give 
112. 
benzyne) which resulted in the protono to the diazonium function 
being less easily lost: 
(114) 
Another possibility was that the furan and the diazonium species were 
involved in a fast chain reaction to produce 2-phenylfuran. 
It had been noticed that, when N-nitrosoacetanilide decomposed 
in benzene in the presence of an aryne trap, the yield of biphenyl 
dropped to a level which was not compensated for by the yields of aryne 
adduct, table 16. 
63 
 It has also been known for some time that the 
production of an aryne in the presence of selected arynophiles results 
in a much higher yield than with other arynophiles. 
Table 16 
Influence of the arynophile in the yield of adduct and biphenyl, in the 
decompo sition of N- nitrosoac etanilide in benz ene. 
Aryxiophile 	 % Yield of 	% Yield of 	% Yi eld of 
biphenyl in the biphenyl in the aryne 
absence of 	presence of 	 adduct 
arynophile aryophile 
- 56 - 	 - 
Anthracene 56 10 	 4 
9, 10-Dimethoxy- 56 7.5 	 3. 2 
anthracene 
Tetracyclone 56 16 	 25 
Furan 56 
- 	 0 
In an attempt to rationalise the reduction in the yield of biphenyl 
in the presence of these arynophiles, a series of kinetic experiments 
113. 
were performed in this investigation to decide at what stage the 
arynophile intervened in the decomposition. It was felt that, because 
of its very polar nature, tetraphenylcyclopentadienone could be inter-
acting at an early stage, and hence causing the reactant to be diverted 
through a different pathway. 
Much of the previous kinetic investigation on the decompositions 
of N-nitrosoacylarylamines had been done at temperatures up to 350 , 48,49 
and from these studies it was predicted that the decomposition of N -
nitrosoacetanilide in benzene at 410 would be first-order; 
ki 	
-4 
= ca 10 x 10 	sec
-1 
 . It was found that at 41 
0, 
 in the absence of 
arynophiles, the decomposition did obey first-order kinetics; 
k = 12. 8 x 	sec . With the arynophiles which yielded aryne 
adducts with N- nitro soac etanilide no significant change in the rate was 
obs erved: 
Anthracene; k 1 = 11. 6 x 10 	sec 
9, 10-Dimethoxyanthracene; k 1 = 11.9 x 10 sec ' 
Tetracyclone: k 1 = 10.5x 	sec ' . 
The rate of decomposition of N-nitrosoacetanilide in the presence of 
tetracyclone was deduced from the volume of gases evolved, taking into 
account the volume of carbon monoxide evolved. 
If any great change in the rate-constant had been observed it 
would have indicated that the arynophile was interfering in the rate-
determining step. However, since only small variations occur, the 
rate-determining step must still be the rearrangement to the trans-
diazoester. If complex formation between the arynophile and the aryne 
(115) or arynoid species (116) occurs, as has been suggested by Cook, 63  
its decomposition at 
410 
 must be very rapid compared to the slow 
rearrangement of N-nitrosoacetanilide to the diazoester. 
When the decomposition of N-nitrosoacetanilide in benzene in 
the presence of 2, 5-dimethylfuran is examined, the rate, which is not 
first-order, is very much slower than that in pure benzene, graph 5. 
The TTbonding ability of 2, 5-dimethylfura.to form a hydrogen bond to 
I I. 
+ 
N2 
j 	0 
(115) 
('116) 
phenols in carbon tetracMorjd e 
 is known to be great and much stronger 
than that of either furan or bënzene 128
From the slowness of the decompositi0 of N_ nitrosoacetafljljd e  in the presence of 2, 5-dimethyl_ 
furan it would appear that there must be formation of acomplex 
which has a sufficiently large stabilisation energy for the decomposj0 
of this complex to become the 
ra te_determining step. Since the Volume 
of nitrogen liberated is only 85% of the theoretical value it suggests 
that the complex is formed before the nitrogen is eliminated and that side 
reactions can occur within the complex with the inclusion of nitrogen 
into the products. This suggestjo also agrees with studies on the 
products of the decomposi0 of N- nitro soac etanilide in benzene/2 5_ 
dimethylfuran (N. N. A.: C 6 H6 
 : D. M. F.= 1 : 20 : 2), in Which nitrogen 
Containing products, such as Substituted p'yrroles, are obtained in yield 
aPproaching 20%. 121 The probable complex (117) is between the aryl- 
diazonium cation and 2, 5dimethyJfuran. 
Me 
!'Me 
(117) 
A similar reduction in the rate of decomposij0 of 4-methoxyN 
nitro s oac etanili de in benzene in the presence of 2, 5-dirnethylfuran is 
also observed 	
The yield of nitrogen is only 80%, the remaining 20% 
being incorporated into substituted pyrroles. 121 
With furan, there is still the Possibility of formatio
n of a rr 
complex similar to that with 2, S-dimethylfuran However, as the 71 
115. 
donating ability of furan is much less than that of 2, 5-dimethylfuran 
we might expect any complex formed with furan to decompose much 
faster than (117). In the case of N-nitrosoacetanilide in the presence 
of furan at 41
0
, all the nitrogen (100%) is liberated and no aryne adducts 
are formed, the major product being 2-phenylfuran. This suggests 
that the acidity of the ortho hydrogen is so reduced that the species 
(119) never forms. 
N2 
N(NO)Ac 	NNOAc 	- 	7O 
> 	 (119) 
	
(118) 	2 Phenylfuran 
The complex (118) will have a sufficient lifetime to become involved 
in other decomposition pathways to give 2-phenylfuran. In a consecu-
tive reaction of this type, first-order kinetics can only be strictly 
obeyed if one step is very much slower than the others. Since it was 
observed that the decomposition of N- nitro soac etanilide in the presence 
of furan is approximately as fast as in pure benzene, but not first-order, 
it implies that the decomposition of (118), step (ii), must be approxi-
mately as slow as the rearrangement, step W. 
It appears from these kinetic experiments that the arynophiles 
are not interfering in the initial rearrangement of the nitrosamide to 
the diazoester. 
By comparing the rates of decomposition of substituted N-nitroso-
acylarylamines in benzene with the ability of these nitroso compounds to 
form aryne adducts with tetracyclone (table 17), it is obvious that the 
rate of decomposition has no influence on the yield of arynes. 
The rate of decomposition of the bromo-N-nitrosoacetanjljdes 
agree with the values predicted from those at lower. temperatures. 48 
116. 
Table 17 
Decomposition of N-nitrosoacylarylamine, RC 6 H4N(NO)R' 
R R' Rate of decomp. % Yield of adduct 
in benzene with tetracyclone 
k 	sec 	xlO 
2Br CH 3CO 1.44 
4- 
1.0 
3-Br CHCO 10.9 53 
4-Br CH 3CO 12.2 5.1 
3-Br 4-C1C 6 H4CO 72 53 ref. 60 
4- 
-I- 
Previously no aryne adduct had been obtained from 2-bromo-N-
nitrosoacetanilide in benzene in the presence of tetraphenylcyclo-
pentadienone0 60 
The decrease in reaction rate caused by the ortho bromine 
indicates that there is interference with the rotation of the ring from 
the common plane needed to bring the CO and the NO groups into 
proximity for rearrangement. 
Br-NO 	 Br 
--ç-CH3 	> 11N=N-0-CCH3 
The increase in rate of decomposition of 3-bromo-4'-chloro-N-nitroso_ 
benzanilide compared to 3-bromo-N-nitrosoacetanilide is explained by 
the 4'-chlorophenyl group being a better electron donating group than 
the methyl group. This increases the nucleophulicity of the oxygen in 
the nitroso group and hence the rate of rearrangement to the diazo ester. 
If the amounts of adduct formed in the decomposition of N-nitroso 
compounds were related to their rates of rearrangement, as might 
initially have been thought from the consideration of o- and rn-bromo-N- 
117. 
nitrosoacetanilide, then an extension of this hypothesis to p-bromo-N-
nitrosoacetanilide would suggest that large amounts of adduct should 
be formed. However, a low yield of adduct is obtained. Also, 3-
bromo-4 chloro-N- nitrosobenzanilide decomposes 1much faster than 
3-bromo-N-nitrosoacetanilide, but identical yields of aryne adducts 
are obtained. 
A more satisfactory rationalisation for the variation in the 
yield of aryne adduct caused by the substituenVs position, is to consider 
the effect of the substituent on the acidity of the hydrogens adjacent to 
the diazonium function. A meta bromine in the N-nitroso compound (119) 
is adjacent to the hydrogen which must be lost to produce a benzynoid 
species. The electronegativity of the bromine enhances the acidity of 
the hydrogen, and thus facilitates its loss, whereas in both the o-bromo 
(120) and - bromo-N- nitrosoac etanilide (121), the bromine is only meta 
to the hydrogen which must be lost. 
Br 
H 	 Br 	Br 
LJ N2 	ON2 	 N2 
H 
(119) 	 (120) 	(121) 
This explanation also accounts for the observation that one isomer only 
is produced from rn-bromo-N-nitrosoacetanilide since the proton on 
carbon 6 will be less acidic than the proton on carbon 2. 
Br 
Br( Br 
118.. 
Throughout these experiments it was observed that the yields 
of aryne adducts from one source were variable, but that prolonged 
drying of the nitrosamide, even after every trace of water in the i. r. 
spectrum had disappeared, generally improved the yield of aryne adduct. 
This influence of water was first noticed in the decomposition of 4-chloro-
N-nitrosobenzanilide in benzene in the presence of tetraphenylcyclo-
pentadienone. 	The previous highest recorded 'yield of 1, 2, 3, 4- 
tetra ph enylna phthal ene from the decompo sition of N- nitrosoac etanilide 
in benzene in the presence of tetraphenylcyclopentadienone was 34%. 63 
Yields of 1, 2, 3,4-tetraphen'ylnaphthalene of 45% from 4'-chloro-N-
nitrosobenzanilide in benzene in the presence of tetracyclone had 
previously been obtained
116 
 and this increased 'yield was attributed to 
the increased basicity of the E-chlorobenzoate anion over the acetate 
anion. 
However, when N-nitrosoacetanilide, which has been dried over 
phosphorous pentoxide/0. 01 mmHg for 3 hours, is allowed to decompose 
in super-dry benzene in the presence of tetraphenylcyclopentadienone, 
yields of 1, 2, 3, 4-tetraphenylnaphthalene in excess of 60% were con-
sistently obtained (max. 68%). This vastly improved yield places the 
decomposition of N- nitro soac etanilide in a new light, and suggests that 
the production of the aryne species is the major pathway for decomposi-
tion and not, as previously thought, one of the minor routes. 
The kinetic investigation of the decomposition of N-nitrosoacet-
anilide in the presence of water, graph 6, shows that there is a notice-
able but slight reduction in the rate of decomposition compared to that 
in pure benzene, table 18. 
It is known that the decomposition of N-nitrosoacetanilide is 
little affected by changes in the solvent polarity. 49  At 250 , the change 
of solvent from benzene to acetic anhydride causes a drop in rate of 
decomposition of only 15%. In the above table 18, a drop of only 20% 
in the rate is observed for the drastic change in solvent from benzene 
to benzene/water; •yet the yield of adduct drops by 40 times. It is 
119. 
Table 19 
Rate of decomposition of N-nitrosoacetanilide in benzene + wat er. 
Water 	 Rate of decomp. 
rn/lOOm of 
k 1 , sec ' x 104 
nitrosamide  
Yield % aryne adduct 
m/lOOm of nitrosamide 
	
0 	 12.8 
	
68 
10 	 11.1 
	
50.4 
100 	 - 	 3 
500 	 9.9 
	
1.5 
obvious that i nterference by water must occur at a later stage in the 
decomposition than the rearrangement to the diazoester. 
The drastic effect of the water is probably to reduce the basicity 
of the acetate ion either by reacting with it, or, more probably, by 
solvating the ion. A solvated acetate ion will also be sterically hindered 
from approaching the diazonium cation. The reason for the success of 
such a small percentage of water changing the course of the reaction is 
that the acylate ion is being produced slowly and hence its effective 
concentration is reduced even more by solvation. The drop in basicity 
of the acylate ion allows the benzenedliazoniurn cation to participate in 
the free radical pathways to produce biphenyl, the yield of which only 
drops 20% even in excess water, table 10. 
Investigations on the production of authentic benzyne by 
Friedmann 
126
had proved that the nature of the products and their 
isomer ratio could be substantially affected by the trace amounts of 
silver ions. When anthranilic acid, diazotised with pentyl nitrite, was 
allowed to decompose at 
450 
 in benzene, the products obtained were 
biphenyl, from the insertion reaction of benzyne on benzene; 
benzocyclo-octatetraene (122), from the 1, 2 addition of benzyne to 
benzene, followed by valence bond isomerisation; (c) benzobarralene 
120. 
(123), by 1,4 addition and (d) biphenylene (124), by dimerisation of 
benzyne: 
P h2 
(122) 	(123) 	(124) 
 Am0N0 	1.1 0/0 	Q.40/ 	88
0/ 	 110/0 
(OCNH2 
O2H 
IDNH2 AmONO CO2H Ag 1 O-> 6 80/0 	35 0/0 	580/o 	0 0/0 
Scheme 17 
However, when silver ions from the oxide or the perchlorate are 
added, the distribution of the products change to give much more 
benzocyclo-octatetraene, scheme 17. Friedmann considers that the 
benzyne formed initially combines with silver ions in a stabilised 11 
complex (125) (in much the same way as silver salts form solid com-
plexes with alkynes 132), which is much more electrophilic than pure 
benzyne. Monodentate, rather than bidentate, attack on the benzene 
then occurs: 
PhH 	Ag 
LJI/ 
(125) 	 I V 
->Ph 2 
00 
When N-nitrosoacetanilide was allowed to decompose in benzene 
121. 
in the presence of silver salts in this investigation, only biphenyl was 
detected - in the same yield as in the absence of silver ions. Neither 
of the isomers, benzobarralene nor benzocyclo-octatetraene, were 
detected. If a complex of benzyne with silver ions had formed, an 
increase in the stability of the benzyrie would be expected. Cons e-
quently the benzyne would have more time to react with an arynophile, 
and hence produce more adduct, before being consumed by other side 
reactions. The expected rise in the yield of adduct (table 8) did not 
occur - only a slight decrease (10%) which was not large enough to 
indicate that the silver salt was having any effect on the reaction. 
Although competition studies of benzyne from N-nitrosoacetanilide 
for anthracene and dimethoxyanthracene compare favourably with the 
competition values for authentic benzyne (anthranilic acid/pentyl nitrite), 
it would appear that the nature of the benzyne produced from the nitros-
amide cannot be compared in every detail with that of authentic benzyne. 
A more likely suggestion is that most of N-nitrosoacetanilide decomposes 
to give the diazoniurn cation which forms a "loose complex" with the 
arynophile before losing nitrogen. In this iay very little benzyne is 
liberated. 
N(NO)Ac 
Io 
From the mechanistic points discovered in the numerous investi-
gations into the decomposition of N-nitrosoacetanilide, it became clear 
that benzyne could be produced from benzediazonium acetate, irrespective 
of its source. R&hard and Tan showed that benzenediazoniurn fluoro-
borate and potassium acetate in benzene in the presence of tetraphenyl-
cyclopentadienone gave tetraphenylnaphthalene in yield up to 37%. 64 
It was already known that the in situ diazotisation of 2, 5-di-t-
butylaniline by butyl nitrite led to the production of arynés, rather than 
the expected radical products. 
129 
 However, the analogous in situ 
122. 
3N2BF4 
K OAc 
OA 
KBF4 
TPNT/C 1J1 < Scheme 
12 
ri  
I 
NN -o Ac 
diazotisation of anilines in the presence of acetate ions did not yield 
any aryne adduct with tetracyclone. (It has already been shown that 
o-t-butyl and 2, 5-di-t-buty1diazonium salts lose nitrogen very easily 
to give the aryne precursor and as such are not general cases). The 
significance of water in the production of arynes from benzenediazonium 
acetate has already been pointed out and since water is produced in the 
in situ diazotisation of anilines by pentyl nitrite: 
ArNH 2 +AmQNO + PhH 	> ArPh + AmOH + N 2 + H20 
the failure of this method, even when acetate ions are present, as a 
means of producing arynes becomes obvious. 
When acetic anhydride was added to the diazotisation of aniline 
with pentyl nitrite in benzene, arynes were produced as expected. 65 
The role of acetic anhydride may be as (i) a dehydrating agent and/or 
(ii) an acetylating agent, but in either case it is providing the necessary 
acetate ions: 
PhNH 2 + AmONO + Ac 20 	>PhN(NO)Ac + AmOAc 
PhNH 2 + Ac 20 	PhNHAc + AcOH AmONO> hN( )A + AmOAc 
The reaction between aniline, acetic anhydride and pentyl nitrite was 
carried out in boiling benzene, since any water which might have been 
formed would be consumed much faster than it would at room temperature. 
A kinetic investigation of the reaction of aniline, pentyl nitrite 
and acetic anhydride in benzene at 800 revealed that the evolution of 
123. 
nitrogen was not a first-order process, dependent on the concentration 
of aniline. The reaction appeared to obey second-order kinetics, 
graph 2, and a qualitative investigation, by i. r. spectroscopy, of the 
disappearance of pentyl nitrite revealed that the nitrite was consumed 
gradually over 3 hours. This suggests that the reaction of aniline, 
acetic anhydride and pentyl nitrite in benzene has,as its rate-determining 
step, the nitrosation of acetanilide (which must be formed in situ from 
aniline and acetic anhydride) to form N-nitrosoacetanilide. 
PhNHAc + AmONO R. D. S. >PhN(NO)Ac 
A blank experiment with N- nitro soac etanilide in boiling benzene 
indicated that the decomposition was extremely fast (tj.< 1 mm) and 
as such the decomposition would not interfere in the rate-determining 
step of the reaction of acetanilide and pentyl nitrite. 
However, when aryne traps are present, the reaction, after a 
short inductive period which is non-linear (10 mm, graph 1) obeys first-
order kinetics with approximately the same rate constant for all 
ar'ynophiles, table 6. Since the evolution of nitrogen is faster in the 
presence of arynophiles than in their absence, it would seem that they 
are reducing the activation energy barrier to nitrosation. The method 
by which this is accomplished and the explanation for a change from 
second-order to first-order kirE tics in the presence of arynophiles 
remains obscure. 
To decide whether the reaction between aniline, acetic anhydride 
and pentyl nitrite could be used as ageneral route to substituted arynes 
under mild conditions, several substituted anilines and aminopyridines 
were treated in the same way, table 5. In general, the yields of aryne 
adducts with tetraphenylcyclopentadienone were very much the same as 
those produced with N- nitrosoacylarylamines. 
Evidence that the aniline can lose either ortho hydrogen to give 
the intermediates (125) or (126) is obtained with 3-t-butylaniline or 3-
methoxyaniline with tetracyclone, the 5- and 6-substituted tetraphenyl-
naphthalenes being produced in both cases. 
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For X = Bu t the value for the 5:6 ratio differs considerably from that 
obtained by Harger, who found that the ratio of 5
- But- T. P. N. 
6_But_ T. P.N. in the decomposition of 3-t-butyl-N-nitrosoacetanjljde 
= 2:3. This variation can be explained by realising that the conditions 
employed, and hence the strength of the base which removes the ortho 
hydrogen, in the reaction of aniline and pentyl nitrite are different 
from those in the decomposition of 3-t-butyl-N-nitrosoacetaniljde at 300 
Direct comparison with the decomposition of N-nitrosoacylaryl-
amines in benzene can be discounted, since these N-nitrosoacylaryl-
amines with electron-withdrawing substituents in the ortho position tend 
not to form aryne adducts with tetracyclone (maximum recorded yield 
to date is 1% 5-bromotetraphenyinaphthalene). However, ethyl 
anthranilate with pentyl nitrite/ac etic anhydride gives 5-ca rbethoxy-
tetraphenylnaphthalene 17%. 
Employing the conditions used for the production of arynes from 
substituted anilines to aniline,, it is found that 1, 2, 3, 4-tetraphenyl-
naphthalene is formed in an 18% yield. 3-Haloanilines, in similar 
reactions, are found to give approximately equal yields of aryne adducts: 
125. 
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Obviously the presence of these electron withdrawing substituents 
makes little difference to the ease of formation of the aryne or arynoid 
species. However, with 3-nitroaniline, a substantial increase in 
yield of adduct was obtained. The much greater inductive effect of 
the nitro group must be capable of increasing the ease of loss of the 
ortho proton. 
NO2 	 NO2 	 NO2 
ON2
H very 	 - + 
	> easiLy 
If the loss of this ortho proton is of principal importance in the forma- 
tion of the aryne, 3, 5-dinitroaniline would be expected to have a con-
siderable advantage over aniline, the 3-nitro group increasing the 
acidity of the proton by inductive means and the 5-nitro group increasing 
the acidity by conj ugative effects. Alternatively, the intermediate 
could be stabilised by (i) inductive and (ii) conjugative processes. 
However, no aryne adduct is observed. Any explanation for the lack 
of aryne adduct in the reaction with 3, 5-dinitroaniline being caused by 
steric effects must be discounted since the much bulkier species, 3, 6-
di-t-butylbenzyne, forms an aryne adduct with tetracyclone. 
126. 
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Mesomeric stabilising effects are normally considered to be 
of second-order importance since any charge in an arynoid species 
will reside in a sp 2  orbital, which does not interact with the p orbitals 
transmitting mesomeric influences. The second-order effects are due 
solely to the electron density in the sp 2  orbital being affected by the 
net electron density about the carbon atom in question. Mesomeric 
effects seem to have some influence on the ease of formation of arynes 
since the yield of adducts from both 2, 5-dichloroaniljne and 2, 5-dimethoxy-
aniline are iwer than the corresponding 3-substituted aniline. In both 
cases, the acidity of the hydrogen to be lost will be reduced by the 
mesomeric effect of the substituents on carbon 2, but increased by the 
inductive effects of the substituents on carbon 5. These small mesomeric 
interactions would not be &xpected to influence the yield of aryne produced 
but, as can be seen in table 19, they appear to be having an excessive 
effect on the 'yield. It appears that the yields of adducts observed 
cannot be adequately explained by considering only the electronic 
influences of the substituents, especially in the case of disubstituted 
anilines, such as 3, 5-dinitroaniline. 
The differences in the isomer ratios of the substituted tetra-
phenylnaphthalenes produced in the reactions of some substituted 
anilines with pentyl nitrite and acetic anhydride, can be explained by 
127. 
Th1c 1Q 
Yield of aryne adduct with tetracyclone in the reaction of anilines 
with acetic anhydride and pentyl nitrite 
Aniline 
	
% Yield of adduct 
3- Nitro 
	
38 
3, 5-Dinitro 
	
0 
3-Chioro 
	
17 
2, 5-Dichioro 
	
2.8 
3-Methoxy 
	
35 
2, 5-Dimethoxy 
	
3.4 
considering the relative acidities of the hydrogens being lost to form 
the aryne or ar'ynoid species. 
With 3-t-butylaniline, the hydrogen on carbon 2 is less acidic than 
the hydrogen on carbon 4, since the inductive effect of the t-butyl group 
becomes less effective on the carbon farther from the origin of the 
effect. 
Bu' 
I 	jI  
But 	
>5BUt.TPN 1 
I II But 	- 
N H2 	
> 6-B Ut - T P N 	4 
3-Methoxyaniline has inductive and mesomeric influences to be considered. 
As expected, the inductive effect appears to be much more significant and 
thus 3-methoxybenzyne is produced in greater yield. 
128. 
OMe 
OMe 	
>5MeO-TPN 4 
NH2 	
OMe 
H 	 >6MeOTPN 1 
1Mth 3-carbethoxyaniline, the two isomers are produced in an un-
expected ratio: 
O2Et 
H 
NH2 
H 
CO2Et 
—> 5-CO2Et - T P N 1 
CO2Et 
 6- CO 2 Et-T PN 2 
3-Carbethoxybenzyne would have been predicted to be the intermediate 
which is more easily formed, since the -I effect of the carbethoxy 
group should make the hydrogen on carbon 2 more acidic than that on 
carbon 4. Since the expected ratio is inverted and 6-carbethoxytetra-
phenylnaphthalene is produced in greater yield, it appears that there 
must be other competing factors. It is only when the electronic effects 
are strong that they are the decisive factors in determining which of 
the possible benzynes will be formed. 
The ease of formation of pyridynes from aminopyridines with 
pentyl nitrite parallels their formation from other sources. Fleet and 
Fleming 130  found that only 1-aminotriazolo(4, 5- d)pyridine (127) gave 
the 4-heteroaryne in substantial yield on oxidation with lead tetraacetate. 
3-Aminotriazolo(4, 5-b)pyridine (128) yielded little of the 3-heteroaryne 
129. 
under similar conditions. 
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4-Aminopyridine reacts with acetic anhydride and pentyl nitrite 
in the presence of tetracyclone to give 5, 6, 7, 8-tetraphenylisoquinoline. 
2-. and 3-aminopyridines do not yield any adduct under similar condi-
tions. 
The investigation of the reaction of aniline, acetic anhydride and 
pentyl nitrite in the presence of silver salts was as inconclusive as the 
decomposition of N-nitrosoacetanilide in the presence of silver ions. 
No biphenylene, benzocyclooctatetraene nor benzobarrelene was detected 
and there was no increase in the yield of aryne adduct. As explained 
earlier, this implies that there can be no formation of a free benzyne 
species which would be able to form a Jr complex with a silver ion. 
To decide whether the nature of the nitrosating agent has any 
effect on the course of the reaction, various acylarylamines were 
nitrosated by 4-chlorobenzoyl nitrite in benzene in the presence of 
tetraphenylcyclopentadienone, table 12. In general the yield of aryne 
adduct is double that obtained from the reaction of anilines with pentyl 
nitrite, but the isomer ratios for the substituted tetraphenylnaphthalenes 
are the same, table 20. 
130. 
TF1 	2n 
Isomer ratios in the decomposition of substituted N-nitrosoacylaryl-
amines, anilines / pentyl nitrite and acylarylamines /4- chlorobenzoyl 
nitrite in the presence of tetracyclone. 
Adduct 	ArN(NO)Ac ArNH 2/AmONO ArNHAc/Cl.C 6 H4 CONO 
5ButTPN 	 2 	 1 	 1 
6BUtTPN 	 3 	 4 	 4 
5-MeO-TPN 	 4 	 3.5 
6-MeO-TPN 	 1 	 1 
These similar isomer ratios would seem to indicate that the 
mechanism of the reaction of aniline/pentyl nitrite and acylarylamine/ 
4-chlorobenzoyl nitrite are very closely related. In the reaction of 
aniline, acetic anhydride and pentyl nitrite, the aniline must therefore 
be acetylated first and then nitrosated in a slow rate-determining step. 
Kinetic studies on the reaction of 4-chlorobenzoyl nitrite and 
acetanilide proved that the nitrosation was very rapid, followed by an 
equally fast decomposition. 
1jTNH7 Ac2 	fNHAc S(OW > r1-N(NO)Ac 
Am 0 NO 
'fast 
1 
Arynes 
1it 
NHAc 
I 	II 	CE 000NO fast 
131. 
When the reaction of acetanilide and 4-chlorobenzoyl nitrite 
is carried out at high dilution, the concentration of N-nitrosoacetanjljde 
at any instant will be small and hence any side reactions involving 
radicals will be minimised. It is important to note that the maximum 
yield of aryne adduct obtained by Mitchell from acetanilide/4-chloro-
benzoyl nitrite/tetracyclone was 70%. This yl  eld is almost the same 
as the maximum yield (68%) obtained from the decomposition of N-
nitro soac etanilide in benzene in the .presence of tetraphenylcyclopenta-
dienone. This is additional evidence for the reaction of 4-chioro-
benzoyl nitrite and acetanilide proceeding via N-nitrosoacetanilide and 
it appears that the value of 70% represents the total percentage of the 
nitrosamide which goes through the aryne pathway, the other 30% 
being consumed by free radical schemes. 	 - 
II. 	INVESTIGATION OF METHODS OF GENERATING 
1, 3-BIDEN TATE REACTIVE INTERMEDIATES. 
It had already been shown that debromination occurred in the 
high temperature reaction of potassium t-butoxide and bromodurene, 
with the production of durene and brominated and non-brominated 
bibenzyls, scheme 14. 
Of the mechanisms suggested in the introduction (schemes 15, 
16), scheme 16, with the reaction proceeding via the benzyl anion (90) 
and its reaction product, bromotrimethylbenzyl bromide, seemed the 
more plausible. However, lack of evidence for the intermediate 
bromotrimethylbenzyl bromide (91) cast some doubt on this mechanism. 
Hall68 could not detect among the products bromotrimethylbenzyl t-
butyl ether, which should have been formed from the benzyl bromide, 
if present, and potassium t-butoxide: 	Since she believed that the 
ether was stable at these high temperatures (235 0 ), she suggested that 
the reaction did not proceed by scheme 16. 
132. 
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However, it has been shown in this investigation that bromo-
trimethylbenzyl t-butyl ether is not stable at 235
0 
 in the presence of 
potassium t-butoxide. None of the products of the reaction of bromo-
durene and potassium t-butoxide (brominated and non-brominated 
bibenzyls) could be attributed to the thermolysis of the bromotrimethyl-
benzyl t-butyl ether. A reinvestigation of the reaction of bromodurene 
and bromotrimethylbenzyl bromide with potassium t-butoxide showed 
that the b romo trim eth ylb enzyl t-butyl ether, which must have formed 
in a nucleophilic reaction, did not survive the reaction conditions. 
This observation contradicts the work of Hall. In a similar experiment, 
added bromotrimethylbenzyl t-butyl ether was destroyed during the 
reaction. 
This evidence once again allows scheme 16 to be included in the 
possible mechanisms involved in the reaction of bromodurene with 
potassium t-butoxide at elevated temperatures. 
In an attempt to obtain some information on the bromotrimethyl-
benzyl anion, various attempts were made to produce the related 2-bromo-
3-methylbenzyl anion by independent routes. 
Initial experiments with silver 2- bromo- 3- methyiphenylacetate 
were aimed at the production in solution of the 2-bromo-3-methylbenzyl 
anion (129) in the hope that the presence of the silver would aid the loss 
of bromine to give species (130). 
However, with neither the silver nor the sodium salt did 
decarboxylation occur, •even in solvents boiling above 2000. The 
stability of the phenylacetate anion must be too great for decomposition 
to take place. The unwillingness of this species to break up by liberating 
carbon dioxide is observed when the silver salt is pyrolysed at 2500  in 
133. 
Br 
CH2CO2Ag 
I 	II 
Co2 
Br 
.Y fCH2 > 
(129) 
-'C H 2 
Ag Br 
(130) 
a high vacuum. The major product is the corresponding acid ( 68 %): 
Br 	 Br 
-CH2COAg 	 -CH2CO2H 
25 
O 
The origin of the proton seems obscure, although other trace side 
products are observed, which could have acted as proton donors. 
Normally, carboxylic acids undergo rapid decarboxylation with 
copper chromite in quinoline to give the corresponding hydrocarbon. 131 
Reaction of 2-bromo-3-methylphenylacetic acid with copper chromite 
and quinoline failed to result in decarboxylation, again suggesting that 
the 2-bromo- 3-methyiphenylacetate anion must be a very stable system. 
Pyrolysis of phenylacetic acid with soda-lime gives toluene but 
2-bromo-3-methylphenylacetic acid is completely charred under the 
same conditions. Rather than be decarboxylated to yield the volatile 
2-bromo-3-methyltoluene, the acid was too stable and it remained in 
the reaction vessel until the temperature rose too high and carbonisation 
occurr ed. 
Attempts to produce the 2-bromo-3-methylbenzyl anion from the 
decarbo- t- butoxylation of t- butyl 2- bromo- 3-methylphenylac etate failed 
to produce even 2-bromo-3-methyltoluene, far less any products from 
the reaction of the anion. Pyrolysis of the ester in .t-butylbenzene 
produced 2-bromo-3-methylphenylacetic acid (50%) and rn- and 2-di-t-
butylbenzenes ( 30%). This suggests that the ester lost the t-butyl group 
which then attacked the solvent: 
134. 
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Isobutylene might have been expect ed to result from the t-butylcarbonium 
ion, but this was not detected. 
In the hope of obtaining some information on the reactions of the 
benzyl anion, sodium dieth'yl 2-bromo- 3-methylphenylmalonate (131) 
was boiled in decalin and in dodecane. By analogy with scheme 16, the 
expected products should include (132) and (133). 
Br 	
CO2 Et 
CO2Et 
(131) 
Br 	.CO2Et 
C-H 
LJi CO2Et 
i(132) 
Br 	CO2Et 
CB r  
LtJ CO2Et 
(133) 
However, the only identifiable products were ethyl 2-bromo- 3-methyl-
phenylacetate (134) 12% and ethyl 2-(2-bromo-3-methylphenyl)butyrate 
(135) 8%. 
Bromide ion was liberated (7 2%) but no products from this 
decomposition could be detected. 
135. 
	
--CO2Et 	Br 	 Br 	2H5 
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Formation of the butyrate (135) probably arises via the malonic 
•ester, which decarboxylates to give the acetal form of the ester (136). 
Rearrangement occurs to give the butyrate: 
r -CO2Et 
y:2 	C Nat 
I II CO2Et 
Br Et 
(135)  
0 
Bru ' 
fl% f 
r-C 	çEt 
> I 	II 
OEt 
I 
Br  E 
oEt 
(136) 
Conversion of one of the groups to a carboxyl function (137) 
(which is not impossible at over 200 0 in a solvent) would result in the 
ethyl ester (134) being formed. 
However, these products (134) and (135) only account for 20% 
of the starting material. The other products inst be polymeric in 
nature since they could not be distilled at 2500/0. 01 mmHg. 
It is obvious that before the mechanism of the reaction of brorno-
durene and potassium t-butoxide and the reactions of benzyl anions at 
high temperatures are fully elucidated, other unequivocal methods of 
generating the anions will have to be devised. 
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III. 	ATTEMPTED GENERATION OF BIDENTATE REACTIVE 
INTERMEDIATES VIA DEHALOGENATION WITH 
BIS(TRIMETHYLSILYL)MERC URY. 
Initial suggestions as to the general mode of reaction of bis-
(trimethylsilyl)mercury stemmed from the observed decomposition 
of the mercurial in toluene at 1900,  in which mercury, hexamethyl-
disilane and dibenzyl were formed. 	The known weakness of the 
silicon-mercury bond and the high heat of formation of the silicon-
hydrogen bond appeared to substantiate the following radical decom-
position: 
(Me 3 Si) 2Hg 	 >2Me 3Si + Hg 
2Me 3Si 	 >(Me 3 Si) 2 
Me 3Si+ PuGH 3 	 >Me 3 SiH + PhCH 
137. 
Me Si + PhCH 
	
>Me 3 SiCH 2Ph 
2PhCH 
	
'(Ph CH 2 ) 2 
However, more recent work by Eaborn et al, 
102 
 on the 
decomposition of the mercurial in anisole to yield phenoxytrimethyl-
silane (75%) and by Fields et al, 
91 
 on the reaction with aryl halides 
to give high yields of diaryl mercury, suggested that the reactions 
of bis (trimethylsilyl)mercury probably involved free trimethylsilyl 
radicals to a much lesser extent than was postulated by earlier workers. 
Instead they preferred a "one- stage, four-centred" mechanism 
to explain the observed products: 
(Me 3 Si) 2 Hg 	Me 3 Si..........HgSiMe 3 	ArHgSiMe 3 
ArBr 	 Br ........Ar 	 Me 3SiBr 
ArHgSiMe 3 + ArBr 	 >Ar 2Hg + Me 3SiBr 
Fields performed the decomposition of the mercurial in bromobenzene 
at 1900 and reported that biphenyl was formed in a 4% yield, which he 
attributed to the thermolysis of diphenylmercury at the high temperature: 
Ph 2Hg 	 > Ph2 + Hg 
When the mercurial was decomposed in iodobenzene, the reaction 
occurred very rapidly at 20
0 
 to yield diphenylmercury but no biphenyl. 
The reaction was performed in iodobenzene as solvent, and the total 
absence of any iodobiphenyl or biphenyl indicated that no radical path-
way was involved. 
However, results of the present investigation in which bis(tri-
-methylsilyl)mercury was allowed to react with a variety of aryl halides 
in a solvent, seem to suggest that a different mechanism may be 
involved. 
Reaction of bis(trimethylsilyl)mercury with iodobenz ene in 
benzene at 20 ° produces biphenyl in 17% yield. Diphenylmercury is 
138. 
stable at 20
0
, and hence another mechanism not involving the four-
centred intermediate must be proposed. The most obvious mechanism 
is one in which phenyl radicals are produced, which then attack the 
solvent, benzene, to yield the phenylcyclohexadienyl radical (57). 
Oxidation of (57) by the trimethylsilyl radical then leads to biphenyl. 
0 ' (Me3Si)2Hg >0 
C
H___
Go Me3SI• <-_  _ 
1 '70/ 
I I 10 (57) 
Evidence for this suggestion is obtained when the reaction of bis(tri_ 
methylsilyl)mercury and iodobenzene in petrol yields no biphenyl, but 
only a mixture of organo-mercury compounds, Ph 2Hg and PhHgI, 
which could have been formed in a "four-centre reactive intermediate. " 
Fields suggests that the phenylmercuric iodide may be formed by the 
reaction of diphen'ylmercury with a small amount of iodine produced 
during the reaction. 
Evidence for the existence of some free phenyl radicals is 
obtained when the reaction of bis(trimethylsilyl)mercury and iodobenzene 
is carried out in t-butylbenzene. Although there is a considerable 
reduction in the yield of biaryls to 2. 8%, the isomer ratio of 
o rn : p = 1 2 : 1 is exactly the same as that obtained when N-
nitrosoacetanilide or benzoyl peroxide 57 is allowed to decompose in 
t-butylbenzene: 	The reduction in yield of biaryl from 17% in benzene 
to 2. 8% in t-butylbenzene is difficult to explain. The reduction in rate 
of phenylation of t-butylbenzene, compared to benzene PhButK = 0. 87 
PhH 
may cause a sufficient Increase in the energy of activation of the phenyl 
radical attack on t-butylbenzene, resulting in the phenyl radicals being 
diverted to react with some other radical trap in the system. The 
139. 
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17 0/0 
trimethylsilyl radical, produced in the vicinity of the phenyl radical, 
may be reacting with most of the phenyl radicals in t-butylbenzene 
but with far fewer in benzene. 
I 
- 	 Me3S1Hg 
(Me3Si)2Hg - 	> 1 H -4- Me3SiI 
/ 
Me3Sj 
Hg 
P 	 B ut P h 7 
NP Ph h 
17°I 	 But 28 
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L) 
SIMe3 	 S,Me 
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Eaborn 	found that the reaction between his (trimethylsilyl) 
mercury and aliphatic 1, 2- and 1, 3-dihalides was rapid at low temper-
atures with the production of either cr or libonds between the carbons 
140. 
which lost the halogen atoms: e. g. 1, 3-dibromopropane gave cyclo-. 
propane and 1, 2-thbromoethane gave ethylene. In this investigation, 
this dehalogenation was extended to give an almost quantitative yield 
of trans-stilbene from the rapid reaction of a, -dibromostilbene in 
petroleum. The absence of any dimeric species which might have 
been expected from the stabilised benzyl radical (138) indicates that 
the reaction goes via "a one stage elimination of bromine": 
Dimer 
1 PhCH-CHBrPh 
:two s'(ge Stitbene 
, ?T*ation 
(PhCHBr)2 	
Hph 	
t-St it b e n e 
> Br 	
Me35jBr 
- 
	
	 Br ,iMe3 	
Hg 
Me 3S I , Hg  
However, as Eaborn discovered in his unsuccessful attempts to prepare 
benzocyclobutene from o- xyiylene dibromide, 
rC H2 Br  
C 2  B r 	
> 
this reaction is not general since not all systems with suitably disposed 
halogen atoms undergo a one stage dehalogenation. 
The reaction, carried out in this iiivestigation; of the mercurial 
with 1, 2-di--iodobenzene did not yield any of the aryne adduct, triptycene. 
Synchronous 1, Z-deiodination of the dihalide to yield the 1, Z-benzyne 
could not have occurred. It is probable that one stage elimination of 
halogen does not occur unless there is a contribution to the driving force 
from the energy of bond formation. 
141. 
Another illustration of the reluctance of bis(trimethylsilyl)-
mercury to dehalogenate synchronously, even when the halogens are 
in a similar spatial arrangement to those in 1, 3-dibromopropane, as 
in the reaction of the mercurial with 2-iodobenzyl bromide. The major 
product is 2-iodotoluene produced by the elimination of bromine either 
by a radical abstraction or by a one stage molecular reaction. The 
reaction cannot involve free benzyl radicals since no dimensation 
products are observed. 
As expected, the reactions of bis(trimethylsilyl)mercury with 
organic halides, in a solvent at room temperature, are very sensitive 
to the strength of the carbon-halogen bond. Debromination of 2-iodo-
benzyl bromide (C-Br = 248 Kjoule mol 
1) 
 is almost complete within 
3 days, whereas only 4% of bromobenzene (C-Br = 298 Kjoule mol 1) 
has reacted after 3 days. 
Evidence against a molecular one-stage elimination of iodine 
from di-iodobenzenes is also to be found in the reaction of bis(tri_ 
methylsilyl)mercury with 1,3- and 1, 4- di-iodobenzenes in benzene at 200 
Gradual addition of the mercurial results in the initial formation of 
iodobiphenyl and finally biphenyl. Any bidentate reactive intermediate 
scheme proposed cannot account for the formation of iodobiphenyl, 
which must be formed from the attack of the iodophenyl radical on 
benzene. The reaction of the mercurial with 1, 3- and 1, 4-di-iodo-
benzenes in t-butylbenzene results in a low yield (3. 8%)  of isomeric 
t-butylbiphenyls, which are in the correct ratio (2 : rn 	= 1 : 2 : 1) 
to suggest that there are some free phenyl radicals produced. However, 
the absence of large amounts of terphenyls, from the reaction in 
benzene, which should be formed from iodobiphenyl losing iodine to 
give biphenyl radicals, indicates that we are not dealing with simple 
free radicals. lodobiphenyl must be formed from the attack of iodo-
phenyl radicals on benzene but the conversion of iodobiphenyl into 
biphenyl appears obscure: 
142. 
> 	
Ph H 
_ 	-  
MeSi• 
'-0-0 
In an attempt to obtain simultaneous loss of 2 halogen atoms 
from these systems with bis(trimethylsilyl)mercury, the solutions 
were irradiated in the hope of producing higher energy species with a 
geometry favourable for the formation of the molecular intermediate 
which could then decompose to give the desired bidentate reactive 
intermediate (138): 
H2Br 	Me3SiHgSiMe3 
eg. 	
hv 
i2 
C—Br 
SIMe3 - 
/ 
Me3 
>1 	II 
(138) 
However, in the above reaction the product was benzyl bromide which 
was the same as that produced from the photolysis of 2-iodobenzyl 
bromide in the absence of the mercurial. Photolysis of the mercurial 
in a solvent by itself results in complete decomposition within 30 minutes. 
The photolytic reaction of the mercurial and 2-iodobenzyl bromide must, 
therefore, have resulted in the reagents decomposing independently. 
The 4-bromobiphenyl and -terpheny1 produced in the photolysis of a 
solution of 1, 4- dibromobenzene and bis(trimethylsilyl)mercury in 
benzene can also be explained by the rapid decomposition of the mercurial 
involving no attack on the dibromide. The observed organic products 
143. 
are in agreement with the normal photolytic decomposition 
Br 	 Br 	 Br 	 Ph 
Br 	 Ph 	 Ph 
The thermal reaction of the mercurial with bromobenzene in 
benzene results in 97% recovery of the starting material, suggesting 
that the fission of the C-Br bond (C-Br = 297 Kjoule mol1) 133 by 
trimethylsilyl radicals is energetically disfavoured. 
When a solution of bis(trimethylsilyl)mercury and 1, 3- or 1,4-
di-iodobenzene in benzene is irradiated, the production of iodobenzene 
and biphenyl suggests that the mercurial and aryl iodide may not be 
decomposing independently, but are reacting in some way. (Neither 
iodobenzene nor biphenyl are produced in the photolysis of 1, 3- or 1, 4-
di-iodobenzene in benzene). The products, which show that there 
must be aryl radicals involved, may be formed by (i) a rapid thermal 
reaction of the mercurial with the iodide or (ii) by the prior dissociation 
of the mercurial into trirnethylsilyl radicals which then abstract iodine 
atoms from the halide: 
I 
I i.(Me3SI)2Hg 
I 
I 
I 	II Me3Sj - 
I 
I 
Me 
-> 
Me 
• 	Ihydrogen 
-> 	J +Me 
I 
3 5i1 
3SiHg 
source 
3SjI 
144. 
The biphenyl produced can either be formed by (iii) the removal of 
iodine from iodobenzene by the trimethylsilyl radical or (iv) by the 
photolytic cleavage of iodobenzene. 
I 
I 	II + Me3S i _> 	 -'- MeSiI 
hv > 
Ph) - 
HPh 
PhH -0 
From all the evidence it would appear that bis(trimethylsilyl)-
mercury is unwilling to react with dihalog eno compounds in solution 
in a synchronous dehalogenation, unless there is the production of a 
formal bond, whose energy of formation will contribute to the lowering 
of activation energy of formation of the necessary molecular complex. 
Any reaction with di-iodobenzenes that does occur in solution at low 
temperatures appears to be a step-wise elimination of iodine involving 
radical species rather than molecular processes. 
145. 
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